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COMPOUND  MARINE  ENGINES  FOR  LAKE  SERVICE. 


By    Walter    Miller,    Member    op   the   Civil    Engineers'    Club   of   Cleveland, 
[Read  August  11,  1885.] 


It  is  not  the  intention  in  this  paper  to  give  a  history  of  the  lake 
marine,  but  to  briefly  give  some  idea  of  what  has  been  and  what  is  now 
being  accompHshed.  It  is  only  in  the  last  few  years  that  the  compound 
engine  has  come  into  general  use.  Five  years  ago,  low  and  high  pressure 
condensing  engines  were  the  rule,  and  the  compound  the  exception ; 
while  to-day  it  is  just  the  reverse  ;  and  it  will  be  safe  to  say  that  within 
the  next  five  years  the  lake  marine  will  have  made  an  entire  revolution, 
which  will  result  in  larger  and  more  complete  engines  being  built. 

The  compound  engine  is  not  generally  understood  by  those  who  are 
not  directly  interested  in  its  designing  or  building.  Nevertheless,  the 
subject  is  a  very  interesting  one,  and  should  be  better  understood  by 
engineers,  for  the  reason  that  the  thousands  of  stationary  engines  now 
working  high  pressure  should  be  compounded,  and  eventually  they  will 
be  built  compound  high  pressure,  or  condensing. 

These  compound  engines  were  introduced  into  the  lake  marine  very  soon 
after  they  came  out  on  the  coast,  but  they  came  into  use  slowly,  and  it 
was  a  serious  question  for  a  long  time  if  there  was  any  benefit  derived 
from  their  use;  and  in  comparing  the  old  style  of  compound  with  that  of 
the  present  time,  it  is  not  a  very  difficult  matter  to  see  that  the  gain 
could  not  have  been  near  what  it  is  at  present.  Engine-builders  were 
backward  in  ex:pressing  any  decided  opinion  about  their  economy,  for  the 
reason  that  they  did  not  want  to  try  any  experiments;  besides,  they  were 
not  satisfied  in  their  own  minds  as  to  the  degree  of  economy  they  would 
effect.  They  had  their  old  designs  and  patterns  of  single  and  double  high 
pressure  and  condensing  engine  which  they  had  been  building  for  years  ; 
and  knew  how  to  take  every  advantage,  both  in  building,  operating  and 
making  the  most  money  out  of  them.  As  an  instance,  to  show  how 
reluctant  engineers  were  in  those  earlier  days  to  commit  themselves: 
Erastus  Smith,  a  well-known  mechanical  engineer  of  New  York 
city,  who  had  built  a  number  of  compound  engines  and  was  con- 
sidered an  authority  on  the  subject,   but  whose  days  of  working  for 
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glory  had  gone  by,  when  asked  by  a  party  who  wanted  to  design  a 
first-class  engine  for  a  fine  yacht,  and  who  wanted  to  get  all  the  data  he 
could,  wliich  engine  was  the  best  to  adopt,  replied  :  "  That  other  engi- 
neers might  do  as  they  liked;  but  as  for  himself,  he  was  now  working  for 
Erastus  Smith."  But  the  fact  that  an  engine  once  built  as  a  com- 
poxind  had  never  been  changed  to  the  old  form,  led  vessel  men  to  think 
that  there  was  something  in  the  compound  principle.  Engineers  re- 
ported that  they  seemed  to  work  more  smoothly,  and  were  more  easily 
taken  care  of,  and  thought  they  could  see  a  difference  in  the 
coal  consumed.  Thus  by  its  continued  use  and  improved  propor- 
tions, it  is  now  no  longer  a  question  which  is  the  best.  Take 
the  condensing  engine,  with  its  extremely  short  cut-off,  making  it 
almost  impossible  to  keep  it  in  good  working  condition,  with  steam  ex- 
panded to  its  lowest  possible  limit,  leaving  the  temperature  of  the  steam 
at  the  termination  of  the  stroke  far  below  that  of  the  incoming  steam, 
whicli  would  have  to  lose  a  large  part  of  its  heat  by  coming  in  contact 
with  the  cool  cylinder  ;  and  the  condensed  steam  thus  formed  would  have 
to  be  in  turn  re-evaporated,  and  before  it  has  time  to  be  of  any  use,  the 
exhaust  opens  and  the  whole  is  swept  into  the  condenser  and  lost.  Steam 
can  be  expanded  to  advantage  four  times,  in  a  single  cylinder  ;  and  for 
mechanical  reasons,  as  well  as  that  of  economy,  it  should  not  be  carried 
farther  than  this  :  while  with  the  compound  engines  of  the  type  now- 
used  on  the  lakes,  steam  can  be  expanded  twelve  times.  With  its  large 
volume  of  steam  in  the  small  cylinder,  by  reason  of  longer  cut  off  equal- 
izing the  strains  on  connections  and  framing  of  the  engine,  never  expand- 
ing so  low  but  what  any  condensation  and  re-evaporation  that  may  take 
place  will  be  utilized  in  the  large  cylinder,  and  when  the  triple  compound 
with  its  higher  steam  pressure  comes  intousehere  (as  it  is  certain  to  do),  it 
will  be  still  more  favorable  to  working  steam  expansively,  and  instead 
of  twelve  expansions,  we  may  see  eighteen  or  twenty. 

There  are,  always,  seemingly  insurmountable  difficulties  that  will  arise 
in  any  new  enterprise,  which  by  continued  use  will  soon  disappear,  and 
in  looking  back  we  will  wonder  why  we  should  have  blundered  at  all. 
In  the  earlier  compounds,  complications  arose  that  seemed  very  difficult 
to  overcome,  but  by  persistent  effort  and  use  the  compound  engine  is  as 
simple  and  much  easier  handled  than  any  of  the  old-style  condensing  en- 
gines in  their  palmiest  days  It  was  the  boast  of  the  old  school  of  engi- 
neers that  they  could  design  condensing  engines  without  any  of  the  com- 
plications (as  they  termed  them)  of  the  compound,  and  as  a  result  they 
brought  out  some  fine  engines  that  worked  well  for  a  time  ;  but,  as  stated 
before,  they  could  not  be  maintained  for  any  length  of  time,  by  reason  of 
the  extremely  short  cut-off,  and  the  steam  pressure  bad  to  be  lowered  and 
allowed  to  follow  the  piston  farther  bef^.re  cutting  off.  In  the  earlier 
compounds  it  was  thought  an  empirical  rule  that  the  receiver  space 
should  be  in  exact  ratio  to  the  high-pressure  cylinder,  and  if  the  engine 
was  of  the  fore-and-aft  class,  elaborate  calculations  would  have  to  be 
made  to  get  the  exact  proportion  of  receiver  space  between  cylinders. 
In  practice,  however,  it  has  been  found  that  by  placing  the  cylinders 
close  together  and  laying  out  the  passages  from  one  cyhnder  to  the 
other,  enough  receiver  space  will  then  be  formed— in  fact,  more  than  will 
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be  wanted.  It  is  the  practice  at  the  present  time  to  simply  convey  the 
steam  from  one  cyhuder  to  the  other  with  a  pipe  of  the  same 
area  as  the  exhaust  port  of  the  high -pressure  cylinder,  by  this  means 
avoidintJt  all  complicated  cylinder  castings.  In  case  the  engine  was  of 
the  steeple  or  tandem  class,  great  care  had  to  be  taken  to  have  no  waste 
room  in  the  steam  passages  leading  from  the  small  to  the  large  cylinder, 
as  it  was  all  a  waste  ;  and  the  fact  was  lost  sight  of  that  as  the  steam  ex- 
panded and  its  volume  increased,  it  would  have  a  much  lower  velocity, 
and  therefore  required  larger  and  freer  passages  from  one  cylinder  to  the 
other.  With  the  small  passages  an  excessive  amount  of  back-pressure  was 
produced  in  the  small  cylinder,  and  a  very  low  initial  pressure  in 
the  large  cylinders,  which  increased  what  is  known  as  the  gap  between 
the  back-pressure  line  of  the  high  and  the  steam  line  of  the  low- 
pressure  cards.  By  making  the  passages  large  and  free,  the  loss  of 
pressure  can  be  made  up  by  increased  lap  on  the  valve  of  the  large 
cylinder  ;  and  on  the  fore-and-aft  engines  a  cut-off  valve  is  used  on  the 
back  of  the  main  valve  of  the  large  cylinder  by  some  builders  to  keep  up 
the  pressure  between  the  cylinders  to  the  highest  point  possible,  equaliz- 
ing the  work  done  in  each  cylinder,  and  preventing  idle  expansion  and 
loss  by  lower  temperature  of  the  steam.  The  steam  should  be  worked  in 
the  low-pressure  cylinder  in  the  same  manner  as  it  is  in  the  high-press- 
ure. There  should  be  no  difference,  as  all  above  the  vacuum  line  is 
pressure,  and  should  be  treated  as  such.  Cutting  off  in  the  same  maimer 
in  the  large  cylinder  will  result  in  keeping  up  the  pressure  between  the 
cylinders  nearly  to  that  of  the  terminal  pressure  of  the  small  cylinder, 
and  bring  up  the  steam  line  of  the  large  cylinder.  Indicator  cards  taken 
on  a  trial  of  a  recently-built  triple  compound  in  England,  show  the 
steam  line  of  the  second  cylinder  to  go  above  the  terminal  pressure  of  the 
first  cylinder  the  moment  the  exhaust  opened,  by  reason  of  lap  and  com- 
pression on  the  valve  of  the  second  cylinder,  thus  equalizing  the  work 
done  in  each  cylinder  and  preventing  any  idle  expansion  in  the  receiver 
space.  Records  kept  by  the  British  Lloyds  show  a  gain  of  from  twenty- 
five  to  seventy -five  per  cent,  since  the  introduction  of  the  compound 
engine.  This  gain  is  not  all  due  to  the  plan  of  compounding,  but  is  in 
part  due  to  the  higher  steam  pressure  used,  as  well  as  the  improved 
methods  of  working  the  steam  more  expansively.  English  engineers 
think  they  have  reached  the  limit  of  economy  in  the  present  plan  of 
compounding,  and  are  now  using  higher  steam  and  triple  cylinders — in 
fact,  are  changing  the  older  styles  of  compounds  to  this  form,  and  are 
effecting  a  gain  of  twenty-five  per  cent.,  while  we  of  the  lake  marine 
have  begun  to  compound  low-pressure  engines  successfully. 

To  give  some  idea  of  what  can  be  saved  by  compounding  high  pressur 
and  condensing  engines,  I  will  state  the  following,  which  is  as  fair  a  test 
as  could  be  made.  The  first  was  a  high-pressure  engine,  30-inch  bore  X  30- 
inch  stroke,  carrying  steam  from  90  to  100  pounds,  cutting  off  at  10  inches 
of  the  stroke,  turning  a  wheel,  of  given  diameter  and  lead,  a  given  number 
of  turns.  This  cylinder  was  replaced  by  a  24-inch  high  and  44-inch  low- 
pressure  cyhnder  by  30-inch  stroke,  with  air  pump  and  condenser  added. 
This  engine  made  the  same  number  of  turns  as  before,  cutting  off  at  10 
inches,  same  place  as  in  30-inch  cylinder;  steam  pressure,  diameter  and 
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lead  remaining  the  same,  there  being  a  saving  of  36  per  cent,  in  volume 
of  steam  admitted  to  the  high-pressure  cylinder;  besides,  the  boiler  could 
make  steam  with  a  much  cheaper  grade  of  coal  than  formerly.  The 
second  was  a  double  36-iuch  X  36-inch  X  46-inch  stroke  condensing 
engine,  carrying  steam  at  58  pounds,  cutting  off  at  10  inches  in  each 
cylinder,  making  a  given  number  of  turns,  with  a  wheel  of  given 
diaiiR'ior  and  lead.  These  cylinders  were  replaced  by  30-inch  and  50- 
inch  cylinders  and  46  inchts  stroke.  This  engine  made  the  same  num- 
ber of  turns  as  before,  diameter  and  lead  of  w  heel  remaining  the  same, 
cutting  off  at  20  inches  in  the  30-incii  cylinder,  and  effecting  a  saving  of 
25  per  cent,  of  the  volume  of  steam  admitted  to  the  high-pressure  cylin- 
der. It  did  even  better  than  this  ;  the  pressure  in  the  boiler  was  raised 
from  58  to  68  pounds  by  the  inspector,  on  account  of  the  boiler  being 
double  riveted.  The  engine  made  the  same  number  of  turns  as  formerly, 
cutting  off  at  17  inches.  This  was  done  without  any  refinement  of  engine 
building  in  one  case  more  than  tiie  other,  both  being  a  fair  sample  of  the 
lake  marine  work.  The  tw  ocases  are  mentioned  here  to  compare  with 
a  form  of  engine  that  was  at  one  time  considered  the  best. 

The  compound  is  peculiarlj^  adapted  to  the  vertical  inverted  cylinder 
class.  In  large  engines  thevalve  motion  must  be  strong  and  direct,  wdth 
str.iiglit  eccentric  rods  and  valve  stems.  All  should  work  true  and  fair. 
On  the  large  cylinder  this  can  be  ea;  ily  done,  as  the  valve  faces  will  be 
out  far  enough  to  allow  the  link  motion  to  be  suspended  fair  and  have 
the  eccentrics  clear  the  main  journals.  With  the  small  cylinder  the  valve 
faces  and  link  motion  can  be  set  out  far  enough  to  clear  the  main  journal 
by  lengthening  the  steam  chest.  This  makes  the  steam  ports  somewhat 
longer  than  the  old  way  ;  but  they  are  straight  and  more  direct,  and  the 
extra  steam  used  is  utilized  in  the  large  cylinder ;  with  straight  eccentric 
rods  ;  and  valve  stems  and  links  suspended  from  the  end  with  double 
parallel  bars,  instead  of  suspended  in  the  middle  and  only  one  bar,  will 
soon  convince  those  who  consider  the  link  a  mechanical  make-shift,  and 
only  tolerated  because  nothing  better  can  be  found  to  take  its  place,  that 
they  are  mistaken,  for  the  links  when  made  as  described  above,  are  the 
finest  mechanical  motion  about  the  engine,  and  as  used  on  most  of  the 
large  marine  engines  of  English  and  Scotch  build  seem  to  be  perfection. 
The  reversing  of  the  marine  engine  has  always  been  a  problem,  and  to 
accomplish  it  all  sorts  of  arrangements  have  been  devised.  "With  double 
engines  working  at  right  angles  it  was  not  so  difficult,  as  the  engine  could 
be  worked  to  the  right  position,  where  the  weights  of  the  valves  would 
balance  each  other  ;  and  by  a  turn  or  two  of  the  reversing  wheel  the 
engines  could  be  reversed  with  ease.  But  with  the  compound,  the  case  was 
different,  as  it  is  aim  ost  hke  a  single  engine  in  starting.  The  piston  of  the 
small  cylinder  has  to  move  that  of  the  larger  one  until  steam  is  worked  over 
from  the  small  one  and  a  vacuum  formed.  In  engines  with  cranks  at  right 
angles,  this  difiScult  is  overcome  by  using  what  is  called  a  starting  valve,  by 
means  of  which  steam  can  be  admitted  at  either  top  or  bottom  of  the 
large  cylinder,  and  thus  work  the  crank  of  the  high-pressure  cylinder  off 
the  centre  and  to  the  right  position  for  reversing.  But  with  this  arrange- 
ment the  reversing  was  slow  and  laborious,  and  in  the  case  of  engines 
with  cranks  diametrically  opposite,  it  became  absolutely  necessary  that 


COMPOUND  MARINE  ENGINES  FOR  LAKE  SERVICE.  5 

something  more  powerful  and  rapid  be  used,  as  the  large  piston,  when 
the  vacuum  was  formed  and  the  throttle  valve  closed,  would  continue  to 
move  until  it  got  on  the  centre  and  would  have  to  be  barred  ofT  ;  and  in 
the  interval  great  damage  might  be  done  to  the  vessel  or  docks.  This 
diHiculty  has  been  successfully  overcome  by  using  steam  to  reverse  with. 
A  cj'linder  is  located  on  the  engine  frame  and  connected  to  an  arm  on 
the  reverse  shaft;  and  bv  mo\'ing  a  small  valve  on  the  reverse  cylinder, 
c  'unected  in  such  a  manner  that  when  it  is  opened  by  the  engineer  and 
the  piston  begins  to  move,  the  small  valve  will  close  the  steam  port  and 
the  piston  will  stop  in  any  position,  the  reverse  lever  maj  be  placed.  By 
this  arrangement  th^'  engine  working  under  full  steam  can  be  instantly 
reversed  from  full  gear  ahead  to  full  gear  backing,  or  the  links  moved  in 
mid  gear  and  the  engines  held  in  check. 

Some  knowledge  of  the  immense  size  the  marine  engine  has  reached 
may  be  obtained  from  the  fact  that  an  engine  built  in  England  a  short 
time  aiio  had  a  steam  cylinder  for  reversing  thirty-two  inches  in  diame- 
tei-.  It  is  by  means  of  these  improvements  only  that  engines  of  ten  and 
twelve  thousand  horse-power  can  be  controlled.  The  largest  compound  on 
the  lakes  at  the  present  time  is  35  incites  high  and  70  mches  low-pressure 
cylinder  by  48  inches  stroke  ;  and  one  as  small  as  8  inches  high  and  14 
inches  low-pressure  cylinders  by  12-inch  stroke,  and  works  as  com- 
plete as  the  larger  engines.  When  comparing  engines  of  the  lake  marine- 
with  those  built  by  English  and  Scotch  builders  and  those  on  the  coast, 
a  vast  difference  is  found  in  the  weight  and  strength  of  engines  of  the 
same  size.  Those  on  the  lakes  are  much  the  lighter — in  fact,  they  are  built 
on  the  banjo  principle,  while  the  otliers  are  built  on  the  anvil  principle  ; 
one  is  strong  and  massive,  while  the  other  is  light  and  graceful,  but 
begins  to  spring  when  heavy  work  is  thrown  on  it.  Some  builders  lay 
claims  to  making  the  working  parts  of  their  engines  of  steel  to  reduce 
the  weight.  This  is  a  mistake.  Stiffness  is  of  more  importance.  If  the 
crank  shaft  springs  and  heats,  it  is  little  satisfaction  to  know  that  it  is 
made  of  steel.  A  piston  or  connecting-rod  that  trembles  is  a  continual 
source  of  annoyance,  and  any  amount  of  assurance  that  they  are  of  steel 
will  not  satisfy  the  engineer  that  they  are  safe.  The  engines  were  orig- 
inally designed  to  work  with  50  and  60  pounds  of  steam,  and  at  the 
present  time  are  using  a  steam  pressure  of  100  pounds  without  one 
pound  additional  weight  in  the  engines.  The  board  of  experts 
on  the  trial  of  the  United  State  dispatch  boat  '"  Dolphin"  reported 
that  when  it  was  attempted  to  work  the  engines  to  their  lull 
power,  streams  of  water  had  to  be  run  on  the  journals  continually.  It 
does  not  take  very  much  spring  in  a  sliaft  10  inches  in  diameter  with 
journal  U  diameters  long  to  seriously  affect  its  alignment.  And  when 
a  power  of  500  horse-power  is  exerted  every  time  the  crank  pasties  the 
centre,  there  must  not  be  any  lack  of  material  at  the  proper  place  to 
ktep  things  from  springing.  It  would  seem  when  an  engine  showed 
signs  of  distress,  that  there  would  be  danger  of  something  giving  way. 
There  is  danger,  no  doubt;  but  the  moment  any  weakness  is  discovered 
by  the  engineer,  every  care  is  taken  to  favor  that  particular  place,  and 
tlie  engine  may  run  for  years  without  a  serious  break-down.  The  banjo 
principle  in  some  classes  of  constniction  is  a  good  one,  but  nothing  short 
of  the  anvil  principle  should  be  permitted  in  marine  engines. 
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As  remarked  at  the  beginning  of  this  paper,  the  next  five  years  will 
show  a  vast  change  in  the  engines  of  the  lake  marine.  They  will  be 
stronger,  heavier  and  more  complete  in  detail.  Although  there  have 
been  some  fine  engines  built  on  the  great  lakes,  we  have  still  much  to 
learn  in  the  manner  of  designing,  but  when  a  comparison  of  the  economy 
of  fuel  consumed  is  made  with  engines  built  on  the  coast  and  in  Eng- 
land, they  will  compare  very  favorably.  In  their  regular  work  they 
will  develop  a  horse-power  per  hour  on  If  pounds  of  coal,  and  when  the 
triple  compound  comes  into  general  use,  one  borse-powor  developed  per 
one  pound  of  coal  per  hour  may  be  looked  for. 


NARROW   VERSUS  BROAD  ("STANDARD")  GAUGE. 

THE   RELATIVE  EXPENSES  OF  SOME  ITEMS  OF    OPERATING    UPON  NARROW 
AND   BROAD  GAUGE  PAILROADS. 


By  C.  H.  Hudson,  Memijer  of  the  Western  Society  of  Ekgineeks 
[Read  November  .S,  1885.J 


The  question  of  Mr.  Nicholl,  General  Manager  of  the  East  &  West  R.R. 
(narrow  gauge),  why  the  narrow  gauge  is  not  the  proper  one,  because 
his  cars,  weighmg  about  16,000  pounde,  will  carry  as  much  load  (paying 
freight)  as  the  heavier  car  of  the  broad  gauge  lines,  opens  a  much  argued 
subject — one  perhaps  settled  in  the  minds  of  many  ;  but  I  will  venture  a 
few  comparisons  of  the  cost  of  working  the  East  &  West  road,  and  a 
broad  gauge  In  these  comparisons  we  will  take  the  equipment  of  the 
E.  &  Vi.  as  it  is,  and  such  broad  gauge  equipment  as  is  being  used  ex- 
tensively. Coal  cars  will  be  taken  upon  each,  of  same  capacity,  while 
for  engines  we  will  take  the  "  Consolidation  "  for  the  broad  gauge,  and 
the  "Mogul"  engine  now  in  use  on  the  E.  &  W.  for  the  narrow  gauge. 
We  will  not  consider  the  cost  of  construction  of  roadbed. 

The  comparison  will  be  much  as  follows  : 

Broad  Gauge  E.  &  W.  R.  R. 

Engines Consolidation.  Mogul. 

Cyhnders 20  in.  x  24  in.     12  in.  x  20  in. 

Diameter  of  driving  wheel 50  in.  48  in. 

No.  of  drivers 8  6 

'*     "  truck  wheels 2  2 

Weight  of  engine  ready  for  road 104,000  lbs.  45,000  lbs. 

"        on  drivers 94,000    "  37,000    " 

"   each  driver.., 11,750    "  7,500    " 

■"         "      "    truck  wheel 5,000    "  4,000    " 

"         of   tender  loaded 44,000    "  34,000    " 

No.  of  Avheels 8  8 

Weight  per  wheel 5,500  lbs.  4,250  lbs. 

Total   weight  of  engine  and  tender 148,000    "  79,000    " 

Ratio  of  weights  to  small  engine 1.87  1 

Per  cent,  of  large  engine  weight 100  53.4 

We  will  assume  that  the  same  boiler  pressure  is  carried  and   that  the 
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same  pressure  is  obtained  in  the  cylinders,  and  we  have  the  traction  force 

of  tlie  engines  calculated  in  the  usual  way  : 

(Diam.  of  cyl.)*  X  stroke  ,^ 

■!^ f-r-!- — Q — L X  pressure = 

diam.  driv.  wheel  Broad  (iauge.  E.  &  w.  R.  R- 

(20)"  X  g4    ^  jQQ  ^ 19,200  lbs. 

50 

(12)!_X_20    X  100  =     

48 

Ratio 3.067 

Tlio  relations  of  the  cars  will  be  as  follows  : 

Weight  of  car  (actual) 20,500  lbs. 

"   trucks 10,000    '• 

"   body 10,500    " 

Capacity  of  car  40,000    " 

Weight  of  car  and  load.      60,500    " 

Per  cent,  of  paying  load 66.1 

This,  at  first  sight,  would  seem  to  indicate  that  the  E.  &W.  equipment 
■was  more  economical  than  that  of  our  broad  gauge  roads.   The  story,  how- 
ever, is  only  half  told.  We  will  cany  our  comparisons  further,  and  assume 
a  grade  upon  which  the  E.  &  W.  engines  can  haul  10  full  loaded  cars. 
We  will  have  weights  as  below  : 

Weight  of  E.  &  W.  engine  and  tender. . .  79,000  lbs. 

"  10  cars  and  loads 550,000    " 


6,261  lbs. 

1 

15,500  lbs. 

7,800  " 

7,700  •' 

40,000  " 

55,500  " 

72.1 

Total  weight  of  E,  &  W.  train 634,000  lbs. 

Now,  the  larger  engines  will  haul  3.067  times  as  much  as  the  E.  &  W.,  or  : 

Weight  of  engine  and  tender 148.000  lbs.  

"  cars  and  loads 1,796,478    "  

Total  weight  of  broad  gauge  engine 
and  train  1,944,478  lbs.  

Ratio  of  tons,  aside  from  weight  of  engines  8.24  1 

We  found  that  the  per  cent,  of  paying 
loadswere  ' 66.1  72.1 

Which  would  give  paying  load  on  each 
train 1,187,472  lbs.  400,155  lbs. 

Ratio 2.97  1 

Number  of  trips  required  to  take  the  pay- 
ing load  hauled  by  broad  gauge  engine . .  1  2.97 
To  bring  our  comparisons  to  a  money  basis,  we  will  now  consider  the 

various  items  of  expense,  repairs  cars,  track,  etc.,  engines,  train  service, 

etc.,  including  valuation  of  the  plant. 

Vabiation. 

Estimated  cost  of  engines,  based  on  prices 
of  to-day 

Interest  one  day  at  6  per  cent 

Estimated  cost  of  cars  by  M.  C.  B.  rules. . 

We  will  allow  5  per  cent,  off  of  this  for 
dilference  in  material 

Interest  one  day  per  car 

Interest  on  one  train  cars  


,500.00 

$5,500.00 

1.63 

1.05 

400.00 

380.00 

.077 

.073 

2.28 

.73 
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Repairs  Cars. 

We  will  assume  the  cost  of  car  repairs  per  mile  to  be  j%  of  a  cent,  or 

per  huudred  miles.  30c.  „  „,    ,  „ 

^  Broad  Gauge.         E.  &  W.  R.  R. 

As  tlie  E.  &  W.  train  is  assumed  at  ten 

cars,  our  cost  of  repairs  will  be  10  X  30 

cents 'v>^-  00 

It  will  take  29.7  broad  gauge  cars  for  the 

train  load,  and  at  same  cost  per  car  we 

will  have  29.7  X  30  cents $8.91  

This  on  the  assumption  that  the  cost  of  re|)airs  per  mile  is  the  same  in 
both  cases. 

In  the  early  days  of  the  question  of  relation  of  paying  load  to  dead- 
weight, it  was  thought  that  the  weight  of  cars  then  in  use  was  too  great, 
and  efforts  were  made  to  reduce,  by  cutting  off  unnecessary  parts.  In 
that  way  the  weight  of  the  cars  was  materially  reduced.  It  was  the  for- 
tune of  the  writer  to  study  this  subject  and  try  many  experiments.  When 
a  design  had  been  found  light  enough  and  at  the  same  time  strong  enough, 
it  was  pronounced  good,  and  several  hundred  cars  were  so  built.  They 
carried  the  loads  then  infashion,  and  stood  up  well  for  a  while;  but  after 
a  few  years  it  was  found  that  the  repairs  began  to  increase,  and  the  weak 
spots  were  visible. 

So,  in  the  long  run  it  was  believed  nothing  was  saved  by  the  use  of  the 
light  car,  as  increased  repairs  offset  the  little  extra  earnings.  In  the 
cars  in  question,  we  may  find  that  with  the  shorter  train  of  the  E.  &.  W., 
repairs  will  be  kept  down  to  about  the  same  amount  per  mile  that  we 
will  find  with  the  stronger  cars  and  longer  train.     Hence  ourassumjjtion. 

Mftliitenance  of  Way. — For  a  startiug  point  we  will  assume  the  cost 
of  maintenance  of  way  per  train,  on  the  broad  gauge  road,  to  be  15c. 
This  is  a  fair  average  of  actual  experience. 

Now,  the  engine  is  8  per  cent,  of  the  whole  weight  of  the  train,  but  the 
weight  per  wheel  is  greater  than  on  the  cars.  We  will  assume  that  the 
blow  due  this  weight  does  twice  what  the  same  weight  on  car  wheel  will 
do.  This  would  give— due  the  engine — the  cost  16  per  cent,  of  15c.,  or 
2.4c.,  leaving  for  balance  of  the  train  84  per  cent.  =  12.6c.,  or  per  100 
miles:  engines,  $2.40;  cars,  $12.60;  total  for  broad  gauge,  $15. 

As  the  E.  &  W.  engine  weighs  but  53.4  per  cent,  of  the  larger,  the 
injury  to  track  would  be,  in  same  proportion,  assuming  same  injury 
per  pound  or  per  100  miles  =  $1.28  ;  but  as  the  weight  per  wheel  is  less, 
we  will  deduct  20  per  cent.,  wliich  will  make  cost  $1.03. 

If  one  ton  weight  in  E.  &  W.  cars  (including  load)  do  the  same 
damage  as  in  broad  gauge  cars,  we  would  have  for  cars  in  E.  &  W.  train, 
$12.60  (cost  of  broad  gauge  train)  -v-  3.067  (ratio  of  weights  of  trains)  = 
$4.11. 

But  the  weight  per  wheel  is  8  per  cent,  less  in  E.  &  W.  than  in  broad 
gauge  cars.  For  this  less  injury  per  wheel  we  will  deduct  10  per  cent., 
and  we  have  damage  due  cars  in  E.  &  W.  train,  $3.70,  which  gives  a 
total  cost  of  maintenance  of  way  for  E.  &  W.  train,  $4.73. 

We  can  now  put  our  items  together  and  with  them  the  train  expenses,. 
and  we  will  have  the  following  statement  : 
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'Cost  of  Rinnniig  one  Trip  {say  100  miles). 

Broad  GauRe.       E.  &  W.  k.  K. 

Engineer 14.00                     $1.00 

Fireman 2.00  2.00 

Conductor 3.00  3.00 

Two  Brakeinen,  $1.50 each 3.00  3.00 

Hostler  and  wipers .50  .50 

Coal  used,  4  tons,  at  $2.50 10.00                      

2      "         "         ....  5.00 

Repairs  of  engine,  5c.  per  mile 5.00                      

4c.        "         ....  4.00 

Oil.  waste,  etc .70  .60 

Maintenance  of  way   per   100  miles    (see 

statement) 15.00  4.73 

Repairs  cars  per  100  miles  (see  statement).  8.91  3.00 

Interest  on  value  of  engine 1.63  1.05 

'•   cars  in  train  2.28  .73 

Total  cost  per  trip $56.02  $31.61 

As  the  E.  &  VV.  takes  2.97  trips  to  carry 

the  freight  of  the  one  trip  of  the  broad 

gauge,  we  will  have  the  cost  of  moving 

this  amount 84.91 

We  have  taken  into  consideration  in  this  only  the  principal  fluctuating 
expenses,  assuming  that  the  cost  at  terminals  in  loading  and  unloading, 
and  of  switching,  would  be  the  same  ;  as  would  the  many  other  items  per- 
taining to  supervision  and  management. 

In  these  fluctuating  expenses  we  have  shown  that  it  will  cost  the  E.  & 
W.  road  51.5  per  cent,  more  to  move  a  given  amount  of  paying 
freight  than  it  will  the  broad  gauge  road,  even  with  their  heavier  cars, 
answering  Mr.  Nicholl's  question,  so  far  as  the  the  economy  of  operation 
of  the  E.  &  W.  road  is  concerned  when  compared  with  the  broad  gauge 
road. 

Had  the  power  of  the  E.  &  W.  road  been  of  some  other  and  heavier 
class,  the  excess  of  cost  would  be  or  might  be  reduced  ;  though,  I  beUeve, 
in  practice  no  narrow  gauge  road  has  power  that  wiU  quite  come  up  ta 
the  medium  power  of  the  wider  roads. 

It  is  true  that  many  important  items  have  been  neglected  in  this  com- 
parison, but  enough  has  been  considered  to  show  that  the  broad  (stand- 
ard) gauge  has  merits  above  the  East  &  West  narrow  gauge,  with  its 
present  equipment. 

Knoxville,  Tenu.,  Oct.  20,  1885. 
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LOAMMI    BALDWIN. 


By  George  L.  Vose,  President  of  the  Boston  Society  of  Civil  Engineers. 
[Read  September  16, 1885.] 


No  man  so  well  deserves  the  name  of  the  Father  of  Civil  Engineering 
in  America  as  Loammi  Baldwin.  Living,  as  he  did,  before  the  days  of 
the  railway  system,  and  almost  before  engineering  was  recognized  as  a 
profession,  his  name  is  known  to  very  few  at  the  jjresent  time  ;  but  there 
is  no  one  man  among  the  leaders  of  industrial  work  in  this  countiy  to 
whom  we  owe  more.  Tliere  were  very  few  works  of  internal  improve- 
ment carried  out  in  America  during  the  first  thirty  years  of  the  piesent 
century  with  which  Mr.  Baldwin  was  not  connected  ;  and  his  two  great 
works,  the  Government  dry  docks  at  Charlestown  and  at  Norfolk,  stand 
to-day  unsurpassed  among  the  engineering  structures  of  the  country. 

In  Se wall's  History  of  Woburn,  we  have  the  following  in  regard  to 
the  Baldwin  family  : 

"  During  the  Revolutionary  War,  two  gentlemen,  natives  of  Woburn, 
attained  to  great  eminence  in  society,  of  whom  it  seems  a  matter  of 
right  that  some  particular  notice  should  be  taken.  To  begin  with  the 
elder  of  the  two.  Col.  Loammi  Baldwin,  he  was  the  son  of  James  and 
Ruth  (Richardson)  Baldwin,  and  a  descendant  in  the  third  generation 
from  Deacon  Henry  Baldwin,  one  of  the  first  settlers  of  Woburn,  and  a 
subscriber  to  the  '  Town  Orders '  drawn  up  at  Charlestown  for  the  regu- 
lation of  the  projected  new  settlement,  in  December,  1641.  James  Bald- 
win was  by  trade  a  carpenter,  and  is  reported  to  have  been  the  master 
workman  in  the  erection  of  the  Burlington  meeting-house,  in  1732,  which 
building  is  still  standing. 

"  Loammi  Baldwin,  the  elder,  was  born  at  New  Bridge  (North  Wo- 
burn), January  21,  1745.  Discovering  from  early  life  a  strong  desire  for 
acquiring  knowledge,  he  was  a  constant  attendant  upon  the  instruction 
of  Master  Fowle,  for  many  years  a  noted  teacher  of  the  grammar  school 
in  Woburn.  At  a  more  advanced  period  in  life,  with  a  view  to  obtaining 
an  acquaintance  with  natural  and  experimental  philosophy,  he  was  ac- 
customed to  walk  from  North  Woburn  to  Cambridge,  in  company  with 
his  schoolmate,  Benjamin  Thompson  (afterward  Count  Rumford),  to 
attend  the  lectures  of  Professor  Winthrop  ;  and,  upon  their  return  home* 
they  were  wont  to  make  rude  instruments  for  themselves,  with  which  to 
illustrate  the  principles  they  had  heard  laid  down  in  the  lecture  room  at 
the  college. 

"At  the  commencement  of  the  war,  in  1775,  Mr.  Baldwin  enlisted  in  the 
regiment  of  foot  commanded  by  Col.  Samuel  Gerrish.  Here  he  was 
rapidly  advanced  to  be  lieutenant-colonel ;  and,  upon  the  retu-ement  of 
Col.  Gerrish  from  the  army  in  August  of  that  year  he  was  put  at  the  head 
of  the  regiment,  and  not  long  after  was  commissioned  to  be  colonel.  This 
regiment  was  originally  known  as  the  Thirty-eighth,  and  consisted  of 
eight  companies,  all  of  them  stationed  at  the  Boston  lines.  On  the  reorgan- 
ization of  the  army,  at  the  close  of  1775,  it  included  ten  companies,  and 
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was  ]<nown  as  the  Twcnty-ssixtli.  Till  the  end  of  1775,  Col.  B;il<l\vin 
remained  near  Boston  ;  but  iu  April,  1776,  he  followed  Washington  to 
New  York  City,  and  there  we  find  him  on  June  22,  at  the  Grand  Battery, 
in  command  of  the  main  guard.  When  Washington  was  comijelled  l)y 
the  superior  members  of  the  enemy  to  evacuate  New  York,  and  to  retreat 
to  the  western  side  of  the  Delaware,  Baldwin  with  his  men  followed 
him  ;  and,  on  the  memorable  night  of  December  25,  they  accompanied 
the  Commander-in-chief  in  the  desperate  expedition  which  resulted  in 
the  capture  of  the  Hessian  troops  at  Trenton. 

"Colonel  Baldwin  was  honorably  discharged  from  the  Continental 
Army  about  1777,  on  account  of  ill  health.  In  1780  he  was  appointed 
High  SherifiE  of  Middlesex,  being  the  first  who  held  that  office  in  the 
county  after  the  adoption  of  the  State  Constitution.  He  also  represented 
Woburn  in  the  General  Court  for  many  years.  He  was  one  of  the 
original  corporators  and  a  principal  proprietor  of  the  Middlesex  Canal — 
an  undertaking  in  which  he  took  a  great  interest,  and  to  which  he  gave 
a  large  amount  of  his  time,  the  entire  work  being  constructed  under  his 
superintendence.  He  was  always  much  interested  in  farming,  and  in 
the  cultivation  of  fruit ;  and  it  is  to  him  that  we  are  indebted  for  the 
well-known  Baldwin  apple,  which  he  perfected  and  brought  into  use." 

Colonel  Baldwin's  first  wife  was  Mary,  daughter  of  James  Fowle,  Esq., 
for  many  years  town  clerk  of  Woburn.  His  children  by  her  were  :  1.  Cy- 
rus ;  2.  Mary  ;  3.  Benjamin  Franklin ;  4.  Loammi,  and  5.  James  Fowle, 
His  second  wife  Avas  Margaret,  daughter  of  Josiah  Fowle,  of  Woburn, 
and  his  children  by  her  were  :  1.  Clarissa,  the  wife  of  Thomas  B.  Coolidge, 
and  2.  George  Rumford.  Col.  Loammi  Baldwin  died  October  20,  1H07, 
and  is  buried  in  the  famUy  tomb  at  Woburn. 

James  F.  Baldwin,  who  was  born  in  1782,  settled  as  a  merchant  in 
Boston,  was  at  one  time  member  of  the  Senate  for  Suffolk,  made  the 
first  surveys  for  a  railroad  from  Boston  to  the  Hudson  River,  had  charge 
of  the  construction  of  the  Boston  &  Lowell  Railroad,  and  was  one  of 
the  commissioners  for  introducing  water  into  Boston  from  Lake 
Cochituate.     He  died  in  1862. 

George  R.  Baldwin  was  born  in  1798,  and  became  an  engineer.  When 
quite  a  young  man,  he  built  the  graceful  elliptical  stone  arch  across  the 
Middlesex  Canal,  in  the  fine  estate  of  Peter  C.  Brooks,  in  Medford— one 
of  the  few  structures  upon  that  work  which  yet  remain.  He  was  a  par- 
ticularly fine  draughtsman,  as  shown  by  numerous  plans  still  in  exist- 
ence. He  designed  and  built  the  Boston  Marine  Railway,  and  was 
consulting  engineer  for  the  Charlestown  water-works  and  also  engi- 
neer of  the  water-works  at  Quebec.  He  prepared  the  plans  for 
the  improvement  of  the  Shubenacadie  Canal  in  Nova  Scotia, 
which,  although  not  carried  out  for  lack  of  funds,  were  sent  to 
England,  and  approved  by  the  best  engineering  authority.  He  was 
also  connected  with  the  early  surveys  for  the  Cape  Cod  Canal,  and 
was  constilted  by  the  State  in  regard  to  the  improvement  of  the  South 
Boston  flats.  He  is  still  hving,  at  the  advanced  age  of  eighty-seven 
years. 

Loammi  Baldwin,  the  younger,  and  the  subject  of  our  sketcli.  was 
born  at  North  Woburn,  May  16,  1780.     He  fitted  for  college  at  Westford 
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Vcademy,  and  entered  Harvard  in  1796,  gi-aduating  with  the  famous 
class  of  1800,  in  wliich  were  Lemuel  Shaw,  Joshua  Bates,  Washington 
Allston,  Charles  Lowell,  Joseph  Buckminster  and  other  noted  men^ 
While  in  college,  his  inclination  seems  to  have  been  toward  mechanical 
subjects,  to  which,  however,  very  little  attention  was  paid  at  that  time. 
It  was  during  his  college  life  that  he  made  with  his  own  hands  a  clock, 
wliich  kept  very  good  time,  and  was  the  wonder  and  admiration  of  his 
class.  At  the  semi-annual  visitation  of  the  Committee  of  the  Overseers, 
preceding  Commencement,  we  find  Baldwin  put  down  as  No,  9  on  the 
list  for  "  an  exhibition  in  mechanics."  At  Commencement,  he  does  not 
seem  to  have  had  any  part  ;  but,  in  1806,  he  is  recorded  as  vice-president 
of  the  Plii  Beta  Kappa,  John  Thornton  Kirkland  being  president. 

It  was  while  Mr.  Baldwin  was  in  college  that  we  find  his  father  writ- 
ing (November  4,  1799)  to  his  friend,  Count  Rum  ford,  then  living  in 
London,  as  follows  : 

"  I  have  a  favor  to  ask  of  you,  my  dear  sir  ;  and  I  feel  confident  that 
you  will  indulge  me  in  the  request  I  am  about  to  make.  I  have  already 
told  you  tliat  I  have  a  son  at  college  whose  genius  inchnes  him  strongly 
to  cultivate  the  arts  ;  and  I  think  it  rather  doubtful  whether  he  will 
apply  iiis  studies  to  either  of  the  learned  professions  with  that  success  as 
to  become  eminent.  I  have,  therefore,  thought  whether  it  would  not  be 
best  to  endeavor  to  provide  him  with  a  place  for  a  year  or  two  with  some 
gentleman  in  the  mathematical  line  of  business  in  Europe,  who  is  ac- 
tually in  the  occupation  of  making  and  vending  mathematical  and  optical 
instruments  in  an  eminent  degree.  Perhaps  a  character  something  similar 
to  what  the  late  Mr.  George  Adams,  of  London,  was,  might  suit.  It 
may  be  that  you  know  of  some  good  place.  In  this,  I  wish  your  assist- 
ance so  far  as  to  make  inquiry  whether  he  could  get  admitted,  what  the 
terms  would  be,  what  kind  of  rank  he  would  be  considered  to  have  in 
such  a  place,  where  he  might  work  at  some  branches  of  the  business  as 
•well  as  attend  on  customers.  In  short,  I  wish  to  know  all  about  it.  Per- 
haps he  may  settle  a  profitable  correspondence  in  trade  with  the  same 
gentleman,  when  he  comes  to  return  to  this  country.  He  is  very  lively, 
ready  and  enterprising,  and  has  ever  sustained  a  good  character.  I 
have  raised  expectations  of  his  usefulness,  if  I  can  but  hit  his  prevailing 
genius." 

In  reply  to  the  above.  Count  Rumford  writes  from  Brompton  as  fol- 
lows :  '*  I  have  consulted  with  Mr.  Frazer,  of  New  Bond  street,  Mathe- 
matical Instrument  Maker  to  his  Majesty,  and  learn  that  the  instrument 
making  business  is  divided  into  two  distinct  branches  in  London,  namely, 
working  instrument  makers  and  shopkeepers;  and  that  though  some 
few  of  the  great  shopkeepers,  such,  for  instance,  as  Ramsden,  Dolland, 
Adams,  Frazer  &  Co.,  have  workshops  in  their  houses  and  employ  some 
workmen,  yet  that  by  far  the  greater  part  of  the  articles  in  which  they 
deal  are  made  by  manufacturers,  wlio  live  in  their  own  private  houses 
and  keep  no  open  shops.  Working  instrument  makers  take  apprentices, 
who  are  always  bound  for  seven  years  ;  and,  with  them,  they  com- 
monly receive  a  premium  of  about  fifty  or  sixty  pounds.  The 
great  dealers  in  mathematical  instruments  also  take  apprentices, 
but    they    have    seldom    opportunities    of    much    practice    in    making 
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instruments.  They  learn  to  know  the  construction  of  them, 
and  to  judge  of  their  merit  of  work  and  of  the  defects  and  perfection  of 
the  instruments  in  which  they  deal  ;  and  they  likewise  learn  to  take 
instruments  to  pieces,  to  clean  them  and  examine  their  accuracy.  But 
no  instrument  maker  or  dealer  in  instruments  would,  without  a  very 
large  premium,  undertake  to  instruct  a  young  gentleman  in  the  course 
of  two  or  three  years,  and  make  him  perfect  in  both  branches  of  the 
trade.  Mr.  Frazer  thinks  that  it  w^ould  not  be  possible  to  get  joui  son 
into  one  of  the  shops  in  Loudon,  for  a  term  of  from  two  to  four  years, 
for  a  less  premium  than  from  sixty  to  one  hundred  pounds  ;  your  son  to 
be  bojirded  in  the  liouse  free  of  cost  to  you  or  to  him  during  that  period." 

Tliis  scheme  does  not  seem  to  have  been  followed  any  furtlier.  Like 
many  others,  Mr.  Baldwin  does  not  seem  to  have  found  out  at  once  for 
what  he  was  intended.  Upon  graduating  from  college  he  entered  the 
law  office  of  Timothy  Bigelow  at  Groton,  But  even  here  Nature  asserted 
her  rights,  and  we  find  him  constructing  a  fire  engine,  of  which  tlie  vil- 
lage stood  in  desperate  need  ;  and  this  small  machine  is  still  in  active 
service,  after  a  use  of  over  eighty  years,  and  will  to-day  throw  a  stream 
over  the  highest  roof  in  town.  This  engine  was  made  in  the  shop  of 
Jonathan  Loring,  directly  opposite  the  blacksmith  shop  where  the  iron- 
work was  done. 

In  a  paper  called  the  Fire'man''s  Standard  (pubUshed  in  Boston  in  1884) 
there  is  a  description  of  the  above  engine,  from  which  the  following  is 
taken  : 

''In  the  year  1800,  a  young  gentleman  graduated  from  Harvard 
University,  settled  in  Groton,  and  studied  law.  That  j'oung  gentleman 
was  Loammi  Baldwin,  who  in  1802  built,  at  his  own  expense,  the  still 
serviceable  hand  fire-engine  known  as  Torrent,  No.  1.  This  old  engine, 
built  in  the  third  year  of  our  century,  by  private  enterprise,  can  throw 
a  stream  through  a  five-eighth;;  inch  nozzle  to  the  height  of  75  feet,  and 
tvhen  needed  is  manned  by  volunteers.  The  old  machine  has  a  quaint 
appearance,  with  its  copper  tube,  on  which  is  inscribed  its  name,  '  Tor- 
rent No.  1,'  and  its  ancient  tool-box,  which  bears  the  date  of  its  birth, 
1802.  The  tub  is  3  feet  6  inches  long,  2  feet  2  inches  wide,  and  22  inches 
deep.  On  its  bottom  rests  an  oak  plank,  in  which  are  set  the  valves,  and  in 
which  stand  the  brass  cylinders  and  the  air  chamber,  the  cylinders  being 
each  5  inches  in  diameter  and  16  inches  high.  A  goose-neck  on  top  of 
the  air  chamber  serves  as  an  outlet  for  the  water  ;  and  a  reel  is  attached 
to  tiie  hind  part  of  the  tub  capable  of  carrying  100  feet  of  2-inch  hose, 
the  first  supply  of  which  was  made  at  the  harness  shop  and  sewed  with 
waxed  thread," 

"  At  two  different  times  within  a  few  years,"  says  Dr.  Green,  "  Torrent 
No.  1  has  done  most  excellent  service  in  putting  out  fires,  on  both  of 
which  occasions  it  prevented  a  serious  conflagration." 

Having  completed  his  legal  (and  hydraulic)  studies,  Mr.  Baldwin  opened 
an  office  in  Cambridge  in  1804.  In  this  business  he  remained  but  a  short 
time  (about  three  years).  He  was  fond  of  telling  an  anecdote  of  his  ex- 
perience at  this  period.  He  had  a  good  many  callers  at  his  office,  he  said, 
but  they  always  came  to  inquire  where  Fay's  office  was  ;  and  he  would 
kindly  direct  them  to  his  classmate,   in  the  story  above.     The  late 
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Judge  Asher  Ware,  who  for  nearly  half  a  century  presided  over  the 
United  States  District  Court  at  Portland,  Me.,  and  who  died  in  1873, 
studied  law  in  the  office  of  Loammi  Baldwin,  at  Cambridge,  in 
1805  and  1806.  It  is  not  a  little  peculiar  that  while  Judge  Ware 
commenced  the  study  of  divinity,  but,  finding  it  not  to  his  taste, 
entered  the  office  of  Mr.  Baldwin  and  there  laid  the  foundation  for  his 
future  success  as  a  profound  jurist,  his  master,  not  finding  the  law  to 
his  taste,  left  it  for  the  profession  of  engineering,  which  he  so  signally 
adorned.  A  somewhat  similar  case  was  that  of  the  brothers  Benjamin 
and  J.  H.  B.  Latrobe.  The  former  was  intended  for  the  law,  havmg 
studied  and  been  admitted  to  the  Baltimore  bar,  and  afterward  having 
opened  an  office  and  commenced  practice  in  New  Jersey.  Finding,  how- 
ever, that  this  profession  was  not  to  his  taste,  he  left  it  and  entered  the 
service  of  the  Baltimore  &  Ohio  Eailroad  Company,  and  became  one  of 
the  most  distinguished  of  American  engineers.  His  brother,  on  the 
other  hand,  was  educated  as  an  engineer,  but  discovering  later  a  taste 
for  the  law,  entered  that  profession,  and  became  equally  noted  as  the 
legal  counsellor  for  the  same  company. 

In  1807,  Mr.  Baldwin  closed  his  office  in  Cambridge,  and  went  to  Eng- 
land for  the  purpose  of  examining  the  various  public  works  of  that  coun- 
try. He  had  intended  to  visit  the  continent  for  the  same  purpose,  but 
was  prevented  by  the  difficulty  of  reaching  France  from  England  at 
that  time.  On  his  return  he  opened  an  office  in  Charlestown,  and  com- 
menced the  life  for  which  by  all  his  tastes  he  was  so  admirably  fitted. 

One  of  the  eai'liest  works  upon  which  we  find  Mr.  Baldwin  engaged 
was  the  construction  of  Fort  Strong,  upon  what,  at  that  time,  was  caUed 
Noddle's  Island,  the  following  description  of  which  is  from  Sumner's 
History  of  East  Boston  : 

"  In  1814,  th«)  British  policy  of  coast  descents  was  extended  to  New 
England.  Scattered  attacks  were  made,  accompanied  by  burning  and 
pillage  ;  and  the  sails  of  English  cruisers  could  daily  be  described  from 
Boston.  The  to%\Ti  was  in  a  defenceless  condition  ;  the  forts  were  almost 
useless  ;  and,  owing  to  the  bitter  quarrels  with  the  administration,  no 
help  had  been  given  or  was  to  be  looked  for  from  the  National  Govern- 
ment. The  people  of  Boston  and  of  Massachusetts  had  no  mind  to  endure 
the  fate  of  Washington,  and  took  prompt  measures  to  protect  themselves. 
The  old  forts  were  to  be  put  in  order,  and  a  new  one  to  be  thrown  up  on 
Noddle's  Island.  Loammi  Baldwin  was  appointed  engineer,  and,  enter- 
ing at  once  upon  his  duties,  issued  his  first  official  notice  on  the  10th  of 
September  (1814),  requesting  all  volunteers  to  meet  him  at  the  Exchange 
Coffee  House  ;  and  so  ready  was  the  response  that  from  five  hundred  to 
six  hundred  men  were  at  once  put  to  work,  the  various  trades  and  crafts 
taking  special  days  for  their  part  of  the  labor  ;  and,  on  the  21st  of  Sep- 
tember, Mr.  Baldwin  reported  that  the  works  were  so  far  done  that  a 
guard  was  needed.  On  the  26th  of  October,  the  flag  was  raised,  and  the 
work  was  formally  occupied  and  named  Fort  Strong  in  compliment  to 
the  energetic  Governor  of  the  Commonwealth.  This  fort  was  located  on 
what  was  known  as  Camp  Hill.  The  old  barracks  were  removed  in  1833, 
and  the  breastworks  were  gradually  obliterated.  The  site  of  this  fort  was 
in  the  neighborhood  of  what  is  now  Belmont  Square." 
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In  1814,  the  Massachusetts  Legislature  cliartered  the  Boston  &  liox- 
bury  Mill  Corporation  ;  and,  in  1818,  work  was  begun  on  the  Milldaiu  )r 
Western  avenue,  now  the  extension  of  Beacon  street  beyond  tlie  Com- 
mon. For  the  construction  of  this  road,  one  and  a  half  miles  long,  Irish 
laborers  were  for  the  first  time  expressly  imported  into  the  country. 
The  stone  used  was  from  the  Parker  Hill  quarry.  It  was  opened  July  2, 
1821.  As  a  means  of  obtaining  water  power,  the  project  was  a  failure  ; 
but,  as  a  step  in  the  future  extension  of  the  city  of  Boston,  it  was  an  im- 
portant movement.  Mr.  Uriah  Getting,  the  projector  of  the  work,  hav- 
ing died  in  ISH),  Mr.  Baldwin  was  appointed  engineer  to  complete  the 
undertaking,  which  he  did  in  a  manner  most  satisfactory  to  the  com- 
pany. That  this  work  did  not  meet  with  universal  approval  may  be 
seen  by  the  following,  from  the  Daily  Advertiser  of  June  10,  1814 : 
"  Citizens  of  Boston  !  Have  you  ever  visited  the  Mall?  Have  you  ever 
inhaled  the  western  breeze,  fragrant  with  perfume,  refreshing  every 
sense  and  invigorating  every  nerve ?  What  think  jou of  converting  this 
beautiful  sheet  of  water  which  skirts  the  Common  into  an  empty  mud 
basin,  reeking  with  filth,  abhorrent  to  the  smell,  and  disgusting  to  the 
eye?  By  every  god  of  sea,  lake  or  fountain,  it  is  incredible  !"  It  would 
seem  that  the  citizens  of  Boston  did  not  relish  the  idea  of  bad  smells 
in  the  early  part  of  the  century  much  more  than  they  do  at  the  present 
time. 

From  1817  to  1820,  Mr.  Baldwin  was  engaged  in  the  State  of  Virginia 
upon  various  works  of  internal  improvement,  which  were  intended  to 
develop  the  resources  of  that  great  Commonwealth.  In  1821,  he  was 
appointed  engineer  of  the  Union  Canal,  in  Pennsylvania.  This  work 
extended  from  the  Schuylkill,  two  miles  below  Reading,  to  Middletown, 
on  the  Susquehanna,  nine  miles  below  Harrisburg.  Its  length  was  79 
miles,  exclusive  of  a  navigable  feeder  on  the  Swatara.  The  summit 
level  passed  through  a  tunnel  18  feet  wide,  14  feet  high  and  739  feet  long. 
There  were  two  reservoirs  for  the  summit  supply,  containing  12,000,000 
cubic  feet  of  water,  one  of  them  covering  8  and  the  other  27  acres. 
There  were  two  steam-engines  of  100  horse-power  each,  and  three  water- 
wheels  for  supplying  the  summit  with  water,  capable  of  raising  in  all 
1,250.000  gallons  every  twenty-four  hours.  There  were  three  dams  for 
supplying  the  main  canal  with  water,  one  across  the  Schuylkill  and  two 
across  the  Swatara.  The  great  dam,  located  in  a  narrow  gorge,  through 
which  the  Swatara  passes,  and  near  the  northern  slope  of  the  Blue  Moun- 
tain, held  an  artificial  lake  of  about  800  acres.  The  crib-work  measured  200 
feet  across  the  stream,  and  40  feet  in  perpendicular  height,  and  was 
composed  of  timbers  10  by  12  inches,  those  at  the  base  being  of  wliite 
oak,  and  the  remainder  of  white  pine,  laid  at  right  angles,  forming 
squares  of  from  6  to  8  feet  from  centre  to  centre,  firmly  tree-nailed,  and 
filled  with  stone,  the  whole  being  strongly  fitted  against  the  mountain  at 
the  west  end.  On  the  east  side  tliere  was  an  abutment  of  stone  laid  in 
hydraulic  cement,  48  feet  high,  and  8  feet  above  the  top  of  the  dam.  The 
dam  had  a  base  in  the  direction  of  the  stream  of  110  feet.  An  embank- 
ment of  stone  and  earth  reached  to  the  east  side  of  the  gap.  a  distance  of 
230  feet,  and  was  260  feet  wide  on  the  base,  and  60  feet  on  top,  being  50 
feet  in  height  and  10  feet  above  the  dam.    There  were  twelve  sluice- 
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gates,  about  6  feet  above  tbe  bottom  of  the  dam,  each  having  an  opening 
2  feet  square.     The  gates  were  of  cast  iron,  and  were  raised  by  screws. 

In  the  process  of  construction  of  this  work,  Mr.  Baldwin  had  a  long 
controversy  with  the  president,  Mr,  Mifflin,  in  regard  to  the  proper  width 
of  tlie  c:inal  and  of  the  locks,  the  result  of  which  was  the  resignation  of 
Mr.  Baldwin,  and  the  appointment,  in  his  place,  of  Canvass  White,  who 
coincided  with  Mr.  Mifflin  in  his  views  as  to  the  proper  width  for  the 
locks.  It  turned  out  afterward  that  Mr.  Baldwin's  opinion  was  the  cor- 
rect one,  and  the  canal  was  enlarged  at  a  great  expense.  An  elaborate 
description  of  the  above  work  was  prepared  in  1830  by  the  late  W.  Milnor 
Roberts,  who  commenced  his  long  and  useful  life  as  an  engineer  upon 
the  Union  Canal. 

In  1834,  Mr.  Baldwin  went  to  Europe,  and  spent  a  year,  mostly  in 
France,  devoted  to  a  careful  examination  of  the  most  important  public 
works  in  that  country.  He  went  also  to  Antwerp,  to  inspect  the  docks 
at  that  place.  At  this  time,  too,  he  laid  the  foundation  of  the  largest  and 
best  professional  library  of  engineering  works  that  was  to  be  found  in 
America — a  collection  in  which  he  took  great  pride,  and  to  which  he 
added,  until,  at  his  death,  it  had  cost  nearly  $8,000.  This  library  is  still 
preserved  in  the  old  house  at  North  Wo  burn.  Mr.  Baldwin  was  also  very 
fond  of  pictures,  and  owned  some  of  the  best  works  of  his  classmate, 
Allston. 

By  1835,  Mr.  Baldwin's  studies  and  his  work  had  already  made  him 
recognized,  not  only  as  an  engineer,  but  also  as  a  man  of  taste  and  sound 
judgment  in  matters  relating  to  public  buildings  ;  and  we  find  him  at 
this  period  associated  with  the  projectors  of  the  Bunker  Hill  Monument. 
The  first  committee  of  the  association  on  the  design  for  this  work  con- 
sisted of  Daniel  Webster,  Gilbert  Stuart,  Washington  Allston,  Loammi 
Baldwin,  and  George  Ticknor.  After  various  discussions  as  to  the  best 
general  plan,  and  the  obelisk  having  been  selected,  a  committee  was 
appointed  to  fix  the  dimensions  and  proportions  in  detail,  consisting  of 
Loammi  Baldwin,  George  Ticknor,  Jacob  Bigelow,  Washington  Allston, 
and  Samuel  Swett.  The  final  report  of  Colonel  Baldwin  recommended 
"an  obelisk,  or  frustrum  of  a  quadrangular  pyramid,  the  base  of  which 
shall  be  a  square  of  30  feet  on  either  side,  to  rise  330  feet  from  the  plat- 
form or  ground  on  which  it  is  to  be  erected,  to  be  surmounted  with  an 
apex  having  its  upper  angle  90  degrees,  and  to  be  15  feet  square  at  the 
top,  the  four  faces  being  respectively  opposite  the  four  cardi  lal  points 
of  the  compass."  The  foundation  was  to  be  13  feet  deep  and  50  feet 
square,  with  offsets,  and  built  of  stones  of  large  dimensions,  all  being  in 
accordance  with  the  designs  of  Solomon  Willard 

The  committee  spent  much  time  in  determining  the  proportions  for  the 
monument  ;  and,  to  fix  this  point  satisfactorily,  Mr.  Baldwin  took  them 
to  the  Boston  and  Roxbury  Milldam,  whence,  across  the  vacant  space,  the 
surface  of  Bunker  Hill  could  be  seen,  and  fastened  against  the  railing  of 
the  sidewalk  in  turn  small  models  he  had  prepared  of  different  propor- 
tions, and  then,  going  to  a  sufficient  distance  in  the  oposite  diiection,  so 
that  the  model  would  appear  to  the  eye  to  be  transferred  to  the  hill,  as  if 
standing  thereon  in  full  size,  he  would  study  with  them  its  effect  as  seen 
at  a  distance.     Thus,  by    comparison,  they   were  enabled  to  decide  upon 
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the  proper  size  of  base  and  the  proper  rate  of  diminish  which  would 
seem  to  be  most  striking.  In  this  way,  they  fixed  upon  the  size  and  pro- 
portions which  tliey  reported.  The  outward  form  being  agreed  upon,  the 
arrangement  of  tlio  details  and  the  interior  construction  was  mainly  in- 
trusted to  Mr.  Baldwin.  The  whole  report  was  drawn  up  in  his  own 
neat,  uniform,  and  compact  l)and\vriting,  the  original  being  still  pre- 
served among  the  papers  of  the  Monument  Association.  "  It  is  fortunate," 
says  Mr.  Warren,  in  his  history,  ''that  the  Association  was  able  to  have 
in  the  beginning  the  valuable  services  of  Mr.  Baldwin  as  chairman  of  tlie 
important  committee  to  whom  was  referred  the  general  subject  of  a 
plan  for  the  monument." 

Among  the  early  projects  in  the  neighborhood  of  Boston  was  that  con- 
templated by  the  Silem  Milldam  Corporation.  This  company  proposed 
to  dam  up  the  water-way  at  Beverly  Bridge  for  the  purpose  of  obtaining 
water  power.  Mr.  Baldwin  was  appointed  engineer  to  the  company ; 
and  in  an  elaborate  report  to  the  Hon.  John  Pickering,  of  Salem,  made 
in  1826,  it  is  stated  that  two  lines  were  surveyed  for  dams.  That  for  the 
west  dam  was  from  Orne's  Point  to  the  rock  east  of  Beverly  Bridge,  and 
was  2.180  feet  long.  The  east  dam  ran  from  the  same  rock  to  Salem 
Neck,  and  was  3,081  feet  long,  passing  along  the  south  side  of  the  Beverly 
channel  and  crossing  the  Collins  Cove  channel.  The  total  estimated  cost 
of  the  two  dams  was  ^200,000.  The  power  thus  obtained  was  reckoned 
sutHcient  to  run  forty  mills,  which,  at  $500  each  per  annum,  would  pay 
$20,000,  exceeding  by  $8,000  the  interest  on  the  cost.  This  work,  for 
various  reasons,  was  never  carried  out. 

The  project  of  connecting  Boston  with  the  Hudson  River  was  cousid 
ered  at  a  very  early  period  in  the  present  century  ;  and,  in  1825,  the 
Legislature  appointed  a  committee  to  ascertain  the  practicability  of 
making  a  canal  from  Boston  Harbor  to  the  Connecticut  River,  and 
thence  to  the  Hudson,  with  a  view  to  a  connection  with  the  Erie  Canal. 
Mr.  Baldwin  was  appointed  engineer,  and  made  a  very  thorough  exami- 
nation of  various  routes,  and  presented  a  very  complete  report  on  tlie 
project,  in  which,  among  other  features,  it  was  proposed  to  tunnel  the 
Hoosac  Mountain  at  almost  exactly  the  plice  of  the  present  Hoosuc  Tun- 
nel. This  report  was  one  of  the  most  complete  engineering  documents 
of  the  time  ;  and,  at  the  end  of  it,  the  commissioners  say  :  "  It  is  with 
great  satisfaction  that  the  commissioners  express  their  decided  approba- 
tion of  the  efficient  manner  in  which  the  engineer.  Col.  Loammi  Bald- 
win, has  discharged  his  very  responsible  and  laborious  duties.  To  great 
scientific  attainments  and  a  vast  fund  of  intelligence  acquired  by  the 
minute  inspection  of  canals  and  other  public  works  witliin  the  depart- 
ment of  the  civil  engineer,  in  Europe  and  in  this  country,  he  has  added 
the  advantages  of  great  practical  experience,  derived  from  many  years' 
constant  employment  in  the  successful  exercise  of  his  professional  skill. 
Indefatigable,  energetic  and  persevering,  he  has  achieved  all  that  can  be 
accomplished  during  the  period  he  has  been  employed,  in  a  manner 
highly  satisfactory  to  the  committee  and  honorable  to  himself." 

The  day  for  canals,  however,  was  rapidly  passing  away  ;  and,  in  1827, 
Mr.  Baldwin  was  appointed  by  the  Governor  of  Massachusetts  to  procure 
surveys  and  estimates  for  a  railroad  from  Boston  to  the  Hudson  River. 
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Tliis  work  was  put  into  tbe  hands  of  his  brother  James,  as  the  subject  of 
our  sketch  had  at  just  that  time  accepted  an  appointment  which  led  to 
the  two  great  works  of  liis  life— the  naval  dry  docks  at  Charlestown  and 
at  Norfolk.  These  two  structures  were  in  process  of  building  from  1827 
to  1834.  both  being  carried  on  at  the  same  time  and  both  being  made 
from  the  same  plans.  This  work  was  commenced  under  the  administra- 
tion of  John  Quincy  Adams  and  finished  under  that  of  General  Jackson, 
Samuel  Southard  being  Secretary  of  the  Navy  and  Commodore  John. 
Rodgers  President  of  the  Naval  Board. 

Directly  after  his  appointment,  March  28,  1827.  Mr.  Baldwin  proceeded 
to  locate  the  two  docks,  and  to  make  the  necessary  plans  for  their  con- 
struction ;  and,  on  the  12tli  of  the  following  June,  work  was  commenced 
at  Charlestown  by  building  the  coffer  dam,  which  was  completed  so  far 
as  to  shut  out  the  tides  the  next  spring,  when  the  excavation  of  the  pit 
was  begun.  The  bearing  piles  were  driven  during  the  year  1828,  and  the 
foundations  were  sufficiently  advanced  to  lay  the  corner-stone  of  the 
masonry  on  the  21st  of  May,  1829.  The  dock  was  so  far  completed  as  to 
be  delivered  into  the  charge  of  the  commandant  of  the  yard  on  the  9th  of 
September,  1833.  The  interior  of  the  chamber,  at  the  top,  was  86  feet 
wide,  and  253  feet  long,  to  the  face  of  the  arch  above  the  mitre-sill, 
being  the  portion  that  could  be  used  for  docking  vessels  inside  of 
the  turning  gates.  In  addition  to  this  the  space  between  the  turning 
and  floating  gates,  53  feet,  could  be  used  by  blocking  up  to 
the  level  of  the  mitre-sill,  making  in  all  306  feet  length  of  dock.  The 
width  of  the  chamber  floor  was  30  feet,  and  the  length  228  feet.  The 
depth  from  the  coping  to  the  mitre-sill  was  30  feet.  The  depth  of  water 
at  ordinary  high  tide  over  the  mitre-sill  was  25  feet,  and  the  rise  and  fall 
of  the  tide  11  feet.  The  surface  of  the  site  on  which  this  dock  was  built  was 
about  9  feet  below  ordinary  high  tides.  The  height  of  the  coping  was 
fixed  by  Mr.  Baldwin,  after  an  examination  of  the  record  of  tides  in 
Boston  Harbor  for  the  previous  sixty  years,  at  several  inches  above  the 
highest  that  had  occurred  within  that  period.  In  the  great  gale  of  1851, 
however,  the  tide  rose  to  such  a  height  as  to  overflow  the  dock,  falling 
in  cascades  along  its  whole  length.  The  entire  work  is  of  granite,  of  the 
most  substantial  character,  all  of  the  exposed  surface  being  finely  ham- 
mered.    The  cost  of  this  dock  was  $677,090. 

Early  in  the  summer  of  1833,  the  work  was  so  nearly  finished  as  to  be 
ready  for  use  ;  and  to  give  additional  interest  to  the  opening  of  the  dock, 
which  had  been  six  years  in  building,  it  was  decided  that  the  old  frigate 
"  Constitution  "  should  be  the  first  vessel  admitted.  The  event  was  fixed 
for  the  24th  of  June,  1833.  In  the  midst  of  a  vast  concourse  of  specta- 
tors, and  in  the  presence  of  the  Vice-President,  Mr.  Van  Buren,  the  Sec- 
retary of  War,  Mr.  Cass,  the  Secretary  of  the  Navy,  Mr.  Southard,  and 
other  distinguished  guests.  Commodore  Hull  once  more  appeared  on  the 
deck  of  his  old  ship,  and  superintended  its  entrance  into  the  dock. 

Tlie  Norfolk  Navy  Yard  is  located  on  the  southern  branch  of  the 
Elizabeth  River,  adjoining  that  part  of  the  town  of  Portsmouth 
called  Gosport,  about  one  and  a  half  miles  from  the  city  of  Norfolk. 
The  plan  and  dimensions  of  tlie  Norfolk  dock  were  the  same  as  for  that 
at  Charlestown  ;  but  the  Boston  dock  has  since  been  lengthened  65  feet,. 
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as  shown  by  the  deeper  courses  of  masonry  near  the  head.  The  Norfolk 
dock  was  commenced  in  November,  1827  ;  and  on  the  17th  of  June,  1833, 
the  slup  of  the  line  "Delaware"  was  taken  into  it,  being  tlie  first 
national  ship  put  into  a  dry  dock  in  the  United  States.  The  work  was 
not  entirely  completed,  liowever,  until  March,  1834.  The  cost  of  the 
Norfolk  dock  was  $943,676,  the  excess  over  tliat  at  Charlestown  being 
due  to  the  extra  price  of  both  stone  and  labor,  the  stone  having  been  sent 
from  the  North,  as  well  as  most  of  the  skilled  labor. 

It  is  strange  to  look  back  now  and  note  the  lack  of  engineering' 
machinery,  even  so  late  as  1830.  The  pile-drivers  at  the  Charlestown 
dock  were  worked  b^  a  treadmill,  although  some  objection  was  made  to 
putting  the  free-born  American  into  a  machine  which  had  so  unsavory  a 
reputation.  The  derricks,  too,  were  quite  different  from  tliose  of  the 
present  day  ;  and  many  of  the  modern  appUances  for  carrying  on  such 
work  were  entirely  unknown.  The  work  upon  these  two  structures  was 
throughout  designed  and  executed  by  Loammi  Baldwin,  his  principal 
assistant  being  Capt.  Alexander  Parris,  well  known  in  Boston  as  a 
prominent  architect  during  the  early  part  of  the  century. 

Mr.  Baldwin  was  particular  to  have  his  position  on  the  government 
work  very  plainly  defined.  In  his  letter  to  Mr.  Southard,  accepting  the 
position,  he  writes :  "  It  will  be  a  very  important  inquiry  how  extensive 
will  be  my  authority.  Power  and  resjjonsibility  ought  to  go  together  ; 
and  it  is  always  ray  wish,  in  employments  like  the  one  proposed,  to  have 
a  general  control  and  authority  over  the  establishment  under  my  imme- 
diate direction.  I  should  not  like  to  hold  a  divided  power  and  responsi- 
bility with  any  one,  not  even  with  my  own  brother."  Mr.  Baldwin's 
salary,  as  government  engineer,  was  fixed  by  himself  at  $4,000  a  year, 
with  §80  a  month  for  the  expense  of  living  when  away  from  home,  and 
fifteen  cents  a  mile  for  traveling  expenses,  that  being  the  allowance  for 
government  ofiicers.  His  time  was  spent  between  the  two  docks,  the 
summers  being  passed  in  Charlestown  and  the  winters  in  Norfolk,  his 
assistant,  Capt.  PaiTis,  alternating  with  him  at  those  two  places. 

Mr.  Baldwin's  valuable  journals  during  his  connection  with  the  gov- 
ernment works  were  unfortunately  lost  on  one  of  his  passages  from 
Norfolk  to  Boston,  by  the  burning  of  the  steamer  "  William  Penn,"  near 
Philadelphia,  on  the  4th  of  March,  1834.  The  boat  caught  fire  and  was 
run  aground,  the  passengers  making  their  way  ashore  over  half  a  mile 
of  mud  flats,  an  operation  not  only  tedious,  but  dangerous  for  a  man 
of  Mr.  Baldwin's  weight.  By  the  aid  of  a  fellow-passenger,  Mr.  Basil 
Hall,  the  noted  English  traveler,  he  was  enabled  to  reach  the  shore  in 
safety. 

In  addition  to  the  work  upon  the  dry  docks,  Mr.  Baldwin  was  made 
in  1827  consulting  engineer  to  a  board  of  commissioners,  consisting  of 
Commodores  Bainbridge,  Morris  and  Chauncy,  to  examine  the  various 
navy  yards,  and  to  form  plans  for  their  future  improvement.  He  was 
also  engaged  at  various  times,  between  1826  and  1835,  in  making  surveys 
of  New  York  Harbor,  and  in  determining  the  best  location  for  a  dry 
dock  at  that  place.  This  work,  however,  was  not  carried  out  until  after 
Mr.  Baldwin's  death. 

In  the  spring  of  1828  the  Secretary  of  the  Navy  directed  a  survey  and 
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estimate  to  be  made  for  building  a  canal,  or  laying  a  pipe,  from  the  Nor- 
folk Navy  Yard  to  Lake  Drummond,  in  the  centre  of  the  Great  Dismal 
Swamp,  for  the  purpose  of  introducing  that  water  into  the  yard.  This 
water  was  of  a  peculiar  quality,  being  strongly  impregnated  with  juni- 
per, which  grows  very  abundantly  in  that  place,  and  had  a  very  agree- 
able flavor,  and  was  well  adapted  for  the  supply  of  vessels.  The  survey 
was  a  very  difficult  one,  a  large  part  of  it  being  made  through  an  almost 
impenetrable  swamp.  Tine  project  was  never  carried  out,  Congress  being 
unwilling  to  make  tlie  necessary  appropriation.  A  water  boat  was,  how- 
ever, made,  of  suitable  dimensions  to  enter  the  lock  at  Deep  Creek  at  the 
■end  of  the  Dismal  Swamp  Canal,  and  so  provided  with  valves  that,  when 
in  the  lock,  it  could  readily  be  filled  Avith  the  pure  juniper  water.  The 
boat  was  then  taken  to  the  Navy  Yard,  where  the  water  was  forced 
on  board  the  ships  by  a  pump.  This  water  was  often  carried  to  sea,  and 
during  long  voyages  retained  its  purity  and  sweetness  in  a  remarkable 
degree.  The  source  from  which  the  canal  received  its  supply  was  Lake 
Drummond,  a  sheet  of  water  about  seven  miles  long  and  five  miles  wide, 
the  only  outlet  of  which  was  the  Dismal  Swamp  Canal.  The  surface  of 
the  water  in  the  lake  was  about  'i5  feet  above  tide  at  Norfolk,  and  the 
quantity  of  water  supplied  was  much  more  than  that  needed  for  the 
■  canal. 

In  1834.  Mr.  Baldwin  made  an  elaborate  report  upon  introducing  pure 
water  into  the  city  of  Boston,  a  second  edition  of  which  was  published 
in  1835.  In  this  report  of  seventy  pages,  and  an  appendix  of  as  many 
more.  Mr.  Baldwin  discusses  rain  water  and  cisterns,  common  and 
artesian  wells,  aqueducts,  conduits  and  pumps,  and  refers  to  the  water 
supply  of  ancient  and  of  modern  Rome,  Constantinople,  Lyons,  London, 
Liverpool,  Manchester,  Edinburgh,  Greenock,  Glasgow,  Paris,  Beziers, 
PhUadelphia,  Cincinnati  and  Richmond.  A  list  of  the  various  ponds 
west  of  Boston  is  given,  and  a  plan  and  profile  of  surveys  from  Farm  and 
Long  Ponds  ;  and  also  a  plan  of  surveys  for  several  feeders  to  Jamaica 
Pond,  by  which  it  was  pi'oposed  to  increase  its  capacity. 

In  1835,  several  pjominent  gentlemen  in  Maine  became  inteifstedin 
the  development  of  the  water  power  of  the  Androscoggin  River  at  Bruns- 
wick ;  and  Mr.  Baldwin  was  employed  to  make  the  necessary  measure- 
ments and  computations.  The  survey  extended  from  a  point  about 
three-fourths  of  a  mile  above  the  village  to  an  island  one  and  a  half  miles 
below  (from  the  Free  Bridge  to  Cow  Island).  Two  measurements  of  the 
river  were  made,  one  about  half  a  mile,  and  tlie  other  about  a  mile  and  a 
half  above  the  upper  falls.  From  the  several  gaugings,  4,000  cubic  feet 
per  second  were  reckoned  safe  as  the  discharge  which  might  be  relied 
upon  as  constant  through  the  year  for  mill  power  ;  and,  with  the  40 
feet  fall  in  the  river  at  this  place,  Mr.  Baldwin  concluded  that  the  An- 
droscoggin at  Brunswick  offered  a  power  unsurpassed  by  any  river  in 
New  England  at  that  time  occupied.  Recent  measurements  have  con- 
firmed the  accuracy  of  his  work. 

In  1836,  Mr.  Baldwin  made  very  complete  surveys  and  an  elaborate 
report  for  a  canal  to  connect  the  Altamaha  River,  at  Darien,  with  the 
port  of  Brunswick,  in  Georgia.  The  Altamaha  is  navigable  for  200  miles 
from  Darien,  to  the  forks  of  the  Ocmulgee  and  Oconee.     The  Ocmulgee 
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is  navip;ablo  for  300  miles,  to  Macon  ;  and  the  Oeouer,  200  miles,  lo  Mill- 
eclKeville,  the  capital  of  the  State.  The  Altamaha  is  thus  the  medium  of 
coniinunieation  for  an  immense  tract  of  the  interior  of  Georgia  with 
Darien ;  hut  this  place,  which  is  on  the  left  bank  of  the  river,  about 
twelve  miles  from  the  sea,  has  no  harbor  for  foreign  shipping.  All  the 
produce  of  the  country  had  to  be  sent  to  Savannah  or  to  Charleston,  and 
return  goods  received  from  the  same  places  by  steamboats  and  small  coast- 
ers. No  foreign  trade  could  l)e  carried  on,  Georgia  was  a  great  St  ate,  with 
an  enormous  production,  but  without  a  port.  It  was  to  connect  the  im- 
mense traftie  of  the  Altamaha  with  a  good  harbor  for  the  most  extensive 
foreign  shipping  that  the  Brunswick  Canal  in  Georgia  was  contemplated. 
The  length  of  the  work  was  to  be  about  13  miles.  The  canal  was  to  be  6 
feet  deep  and  35  feet  wide  on  the  bottom,  with  slopes  of  one  and  a  half 
to  one,  making  58  feet  of  width  at  the  water  level.  At  each  end  there 
was  to  be  a  lock  23  feet  wide  and  100  feet  long,  with  counter  guard  gates 
to  prevent  the  river  at  one  end  and  the  tide  at  the  other  from  entering 
the  canal  when  either  should  rise  above  its  level.  The  canal  was  to  be 
supplied  iiy  a  sluice  about  four  miles  from  the  southern  end.  as  it  was 
reckoned  that  such  feeding  would  distribute  itself  in  either  direction 
much  better  than  if  admitted  at  the  end. 

For  the  lock?,  a  mode  of  construction  was  proposed  such  as  had  been 
often  employed  in  England,  and  in  Holland,  where  stone  is  difficult  to 
get :  namely,  to  make  them  of  good  hard-burned  brick,  building  up  in 
the  side  walls  of  the  chamber,  every  10  or  13  feet,  a  pier  of  stone,  pro- 
jected a  little  in  front  of  the  brickwork,  and  rounded  off,  so  not  to  dana- 
age  the  boats.  In  the  wing  walls,  also,  horizontal  courses,  2  or  3  feet 
apart,  were  to  be  laid,  to  protect  the  brick.  The  gate  quoins  and  co[)ing 
were  to  be  of  stone.  The  whole  cost  of  the  canal  and  locks  was  estimated 
to  be  $448,474.  The  work  was  commenced,  but  never  completed.  The 
cutting  still  exists,  as  far  as  it  was  made. 

Samuel  M.  Felton,  well  and  widely  known,  from  his  connection  with 
many  important  public  works  in  this  country  during  the  past  fifty  years, 
writes  as  follows  in  regard  to  Mr.  Baldwin  : 

"In  the  year  1834,  immediately  after  my  graduation  at  Harvard,  I 
went  to  Charlestown  to  take  charge  of  a  select  school  for  boys,  wliich  liad 
been  established  a  year  before  by  Professor  Lovering.  Colonel  Baldwin 
was  then  about  fini-^hing  the  dry  dock,  on  which  he  had  been  employed  for 
several  years.  I  soon  became  acquainted  with  him  socially,  and  found 
him  a  most  entertaining  man,  full  of  information  upon  all  public  works, 
at  the  head  of  his  profession,  and  thoroughly  animated  by  a  laudable 
pride  in  its  progress  and  success,  often  remarking  that  it  was  a  high  and 
honorable  calling,  and  deserving  recognition  as  such,  equally  with  those 
of  medicine,  divinity  or  law.  His  works,  and  his  views  upon  this  sub- 
ject, often  espi-essed,  did  more  than  those  of  any  other  man  to  bring  oiu* 
profession  prominently  before  the  public  at  that  time. 

"  About  the  year  1835,  Mr.  Baldwin  asked  me  to  undertake  the  in- 
struction of  som;.-  of  the  students  then  in  his  office,  in  physics,  mathe- 
matics, surveying  and  kindred  subjects.  This  I  did,  as  I  had  leisure, 
and  soon  became  s-o  much  interested  myself  in  the  matters  relating  to 
engine.;ring  that,  at  the  end  of  the  year,  I  gave  up  my  school,  and  entered 
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the  oflSce  as  a  regular  student.  I  was  soon  put  in  charge  of  the  office 
business;  and  I  remained  in  this  position  until  Mr.  Baldwin's  death,  in 
1838,  when  I  took  the  office,  completed  such  work  as  remained  unfinished 
and  took  other  work  as  it  came  to  the  office  for  several  years. 

"The  prmcipal  business  which  was  done  in  the  office  of  Mr.  Baldwin 
at  this  time,  and  which  was  not  finished  until  after  his  death,  was  the 
investigation  and  computation  of  the  water  power  at  the  milldam  used 
by  the  Boston  Iron  Company.  The  decision  of  this  question  had  been 
referred  to  Leverett  Saltonstall,  Loammi  Baldwin,  and  James  Hayward. 
It  vvas  a  very  complicated  case,  as  the  conditions  of  head  and  fall  and 
back-water  on  the  wheels  were  changing  constantly.  Mr.  Baldwin  took 
great  interest  in  this  case,  giving  it  a  good  deal  of  personal  supervision, 
until  his  final  sickness  and  death.  The  report  was  afterward  completed 
and  signed  by  the  two  surviving  members  of  the  commission,  and  con- 
firmed by  the  Supreme  Court,  after  an  attempt  of  the  Boston  Iron  Com- 
pany to  set  it  aside. 

"  Mr.  Baldwin  was  independent  and  positive  in  his  professional  opin- 
ions, and  did  not  hesitate  to  enforce  them  anywhere  and  at  any  proper 
time.  An  instance  illustrating  this  trait  occurs  to  me  at  this  moment, 
told  to  me  in  his  library  nearly  half  a  century  ago.  General  Jackson 
had,  during  his  administration,  conceived  a  scheme  of  bridging  the 
Potomac  at  Washington,  and  had  taken  a  great  fancy  to  an  old  friend 
as  the  contractor  to  carry  out  the  work.  This  person,  however,  was  far 
from  competent  for  such  an  undertaking  ;  and,  when  the  bridge  came 
up  in  Congress  for  an  appropriation,  Mr.  Saltonstall,  the  senator  from 
Massachusetts,  offered  a  resolution  to  refer  this  plan  to  Mr.  Baldwin 
for  investigation  as  to  its  feasibility  of  construction  and  its  stability 
vben  done.  Mr.  Baldwin  was  accordingly  requested,  by  a  vote  of 
the  Senate,  to  come  to  Washington  and  to  report  upon  the  plan. 
He  did  so,  and  after  a  thorough  investigation  reported  that  the 
bridge  could  not  be  made  for  anything  like  the  estimated  price,  and 
that  it  would  not  stand  if  built.  This  report  did  not  please  General 
Jackson  at  all ;  and  Mr.  Saltonstall  told  Mr.  Baldwin  that,  if  he  had 
not  aU-eady  packed  his  trunk,  he  had  better  do  so  at  once  and  leave, 
as  the  President  would  make  it  too  warm  for  him  to  remain  in  Wash- 
ington. Mr.  Baldwin  replied  that  he  was  then  on  his  way  to  pay  his 
respects  to  Gen.  Jackson  before  leaving,  as  he  felt  in  duty  bound  to  do. 
He  called,  and  told  the  President  that,  having  finished  the  business  for 
which  he  was  summoned  to  Washington,  he  had  come  to  pay  his  respects 
to  the  President,  and  say  good-by.  The  general  at  first  received  him  with 
great  politeness  ;  but,  having  got  through  with  the  preliminaries,  the 
bridge,  as  was  natural,  came  up  as  the  great  thing  in  the  mind  of  the 
President,  and  he  said  :  '  By  the  bye,  Mr.  Baldwin,  I  have  read  your 
report  on  the  bridge;  and,  by  the  Eternal,  you  are  all  wrong.  I  have  built 
and  have  seen  built  a  good  many  bridges  ;  and  I  know  that  the  plan  is  a 
good  one,  and  that  the  bridge  will  stand.'  '  Gen.  Jackson,'  quietly  replied 
Mr.  Baldwin,  'in  all  pontoon  or  temporary  bridge- work  for  military  pur- 
poses, I  should  always  yield  to  your  good  judgment,  and  should  not  ven- 
ture to  call  it  in  question  ;  but  you  must  remember  that  this  bridge 
should  be  built  as  a  permanent  structure,  and  should  stand  for  all  coming 
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time.  And  I  yield  in  such  matters  to  no  one,  when  I  Imve  applied  scien- 
tific principles  to  my  investigations  and  am  sure  of  my  conclusions. 
Good  morning.  Gen.  Jackson.'  It  is  hardly  necessarj'  to  say  that  the 
api)ropriation  was  not  made,  and  that  tlie  pet  bridge  was  never  built, 
mucli  to  the  chagrin  of  the  President,  but  to  the  quiet  satisfaction  of  Mr. 
Bah  1  win. 

*'  Mr.  Baldwin's  position  as  government  engineer  upon  the  dry  docks 
at  Charlestown  and  Norfolk  was  not  always  a  bed  of  rosus.  He  was 
appointed  under  the  administration  of  John  Quincy  Adams;  but  when 
Gen.  Jackson  came  in  there  were  many  aspirants  for  the  position,  who 
set  tlie  wheel  in  motion  to  depose  him  by  circulatmg  all  sorts  of  false- 
hoods, charging  him  with  great  extravagance  in  spending  the  govern- 
ment money,  aad  otlier  offences  very  heinous  in  the  eyes  of  politicians. 
Mr.  Baldwin,  however,  triumphed  over  all  his  enemies,  and  finished  his 
great  works;  and  they  stand  to-day  as  monuments  to  his  fame  and  skill 
as  an  engineer." 

In  addition  to  the  numerous  works  above  referred  to,  Mr.  Baldwin  was 
consulted  in  regard  to  the  dam  across  the  Kennebec  River  at  Augusta, 
Me. ;  he  furnished  very  complete  plans  for  a  marine  railway  at  Pensa- 
cola ;  he  designed  and  superintended  the  construction  of  the  old  chapel 
and  of  Hohvorthy  Hall,  at  Cambridge  ;  he  was  consulted  in  regard  to 
the  Louisville  &  Portland  Canal  around  the  Falls  of  the  Ohio ;  and  he 
furnished  a  very  elaborate  plan  for  a  stone  bridge  for  the  directors  of  the 
Warren  bridge.  He  was  consulted  in  regard  to  the  Harrisburg  Canal  in 
Pennsylvania,  and  was  one  of  the  corporators  of  Cragie's  bridge.  In 
1809  he  published  an  exceedingly  plain  and  well-written  pamphlet  of 
seventy  pages,  entitled  "  Thoughts  on  the  Study  of  Political  Economy  as 
Connected  with  the  Population,  Industry,  and  Paper  Currency  of 
the  United  States."  His  remarks  in  this  paper  upon  the  value 
of  improved  modes  of  transport  are  very  clear,  and  show  a  thor- 
ough appreciation  of  this  matter.  He  is  also  stated  to  have  written  a 
very  complete  account  of  the  Middlesex  Canal,  constructed  by  his  father 
and  also  a  memoir  of  Count  Rumford ;  but  neither  of  the  last  named 
papers  can  be  found.  His  reports  were  prepared  with  the  greatest  care, 
and  were  models  for  style  and  remarkable  for  the  exact  and  proper  use 
of  words.  His  constant  professional  activity  left  him  little  time  for 
other  engagements  ;  but  he  was,  in  the  widest  sense  of  the  term,  a  public- 
spirited  man.  In  1835  he  was  a  member  of  the  Executive  Council,  John 
Davis  being  Governor ;  and  in  1836  he  was  a  Presidential  elector  from 
what  was  then  the  Fourth  Massachusetts  District,  and  tlu-ew  his  vote, 
with  the  other  Massachusetts  electors,  for  Daniel  Webster. 

Mr.  Baldwin  was  twice  married.  His  first  wife  was  Ann,  daughter  of 
George  Williams,  of  Salem,  by  whom  he  had  one  son,  Samuel  Williams 
Baldwin,  born  in  1817,  and  who  died  at  the  age  of  five  years,  Dec.  28, 1822. 
On  tlie  22d  of  June,  1828,  he  married  for  his  second  wife  Mrs.  Catherine 
Beckford,  widow  of  Capt.  Thomas  Beckford  and  sister  of  Samuel 
Williams,  an  eminent  American  banker  living  in  London.  She  died  May 
3,  1864,  at  seventy-seven  years  of  age.  Mr.  Baldwin's  house  in  Charles- 
town  covered  the  ground  now  occupied  by  Linwood  Place,  standing 
somewhat  back  from  the  street.     The  house  has  been  moved,   and  is 
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now  Nos.  IG  and   18  on  the  left-hand  side  of  School  street,  going  up  the 
hill. 

In  i>ersou,  Mr.  Baldwin  was  over  six  feet  in  height,  and  superbly  built. 
His  face,  as  shown  by  an  admirable  portrait  now  in  possession  of  the 
family,  presents  one  of  those  rare  combinations  of  intelligence,  of  manli- 
ness, and  of  tlignity,  whicli  once  seen  can  never  be  forgotten, — a  face 
which  shows,  as  Hamlet  says. — 

"  A  combination,  and  a  form,  indeed, 
Where  every  god  did  seem  to  set  his  seal, 
To  give  the  world  assurance  of  a  man. " 

He  was.  says  one  who  knew  him  well,  a  thorough  gentleman  in  his 
manner  and  his  intercourse  with  others,  and  impressed  every  one  as 
being  a  man  of  extraordinary  ability  and  a  leader.  He  detested  sham 
and  pretence  in  ever j'thing  and  in  everybody.  He  had  a  keen  sense  of 
wit  and  humor,  and  was  a  most  delightful  story-teller  and  a  most  genial 
companion.  He  was  liberal  in  his  mode  of  life  and  hospitable  at  his 
home,  where  he  was  always  glad  to  receive  and  entertain  his  many 
friends.  When  at  work,  he  went  into  it  with  a  will,  and  gave  it  his 
whole  strength;  but  when  it  was  finished,  no  shadow  of  it  darkened  his 
social  hours. 

There  is  a  fine  portrait  of  Mr.  Baldwin  by  Chester  Harding.  It  repre- 
sents him  in  his  full  maturity  and  speaks  for  itself.  Another  portrait  by 
Leslie  shows  him  at  a  much  earlier  age.  There  is  also  a  sketch  by  AU- 
ston,  and  a  very  fine  bust  by  Powers. 

Mr.  G.  J.  F.  Bryant  furnishes  the  following  list  of  assistants  and  stu- 
dents who  at  different  times  were  in  Mr.  Baldwin's  office.  Alexander 
Parris,  W.  P.  S.  Sanger,  Calvin  Brown,  Uriah  Boyden,  Samuel  M.  Felton, 
George  A.  Parker,  H.  K.  Curtis,  George  M.  Dexter,  B.  F.  Perham,  R.  H. 
Eddy  and  G.  J.  F.  Bryant.  The  students,  or  apprentices,  as  they  were 
called  in  those  days,  paid  a  premium  for  entering  the  office,  generally 
$200  a  year  for  two  years,  and  received  some  small  compensation  while 
at  work  in  the  field.  When  Mr.  Baldwin  died  he  left  word  that  the  ap- 
prentices were  not  to  pay  the  fees  remaining  due.  The  impression  left 
upon  all  of  the  young  men  who  served  him  as  assistants,  several  of  whom 
are  yet  alive,  is  a  feeling  not  only  of  jH-ofound  respect  for  his  talent  as  an 
engineer,  but  of  love  and  veneration  for  him  as  a  man. 

Mr.  Baldwin  died  on  the  30th  of  June,  1838.  About  a  year  before  his 
death  he  had  a  stroke  of  x>aralysis  ;  and  a  second  attack  proved  fatal. 
The  general  feeling  at  his  death  is  well  expressed  in  the  obituary  notices 
in  the  Boston  and  Charlestown  papers.  "  To  his  professional  distinc- 
tion," says  the  Bunker  Hill  Aurora,  "he  added  those  virtues  which 
adorn  private  and  sweeten  social  intercourse.  He  was  liberal  in  his  sen- 
timents, cordial  in  his  disposition,  and  a  generous  contributor  to  the 
numerous  benevolent  objects.  His  death  will  be  indeed  a  loss  to  the 
whole  country  ;  but  in  this  town,  where  he  was  best  known,  his  name 
will  be  long  and  gratefully  remembered."  "  What  shall  we  who  have 
known  him  say,"  says  the  Boston  Advertiser,  "  of  his  beneficence^ 
generosity,  nobleness  of  mind  and  spirit,  and  courtesy  of  manners  ?  He 
was  the  delight  of  all  circles,  the  gayest  of  the  young  and  tlie  instruc- 
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tor  of  the  old,  the  playful  companion  or  the  wise  counselor.  'VN'e  were 
captivated  with  his  wit  and  humor.  We  gloried  in  the  sternness 
and  purity  of  his  principles.  May  we  be  thankful  tluit  so  much  tal.'nt 
and  worth  were  bestowed  and  used  for  the  honor  and  the  good  of  his 
country  1" 

Mr.  Baldwin  was  by  birth  and  by  education  an  engineer.  He  had  in  a 
remarkable  degree,  saj's  one  of  his  pupils — himself  afterward  a  distin- 
guished member  of  the  profession — what  Smeaton  called  the  knack  of 
getting  on  the  blind  side  of  Nature.  He  certainly  had  the  power  of  en- 
listing Nature  as  an  aid  and  of  turning  her  forces  into  profitable  chan- 
nels. Instead  of  figliting  her,  he  made  her  an  ally.  He  resembled  very 
much  the  great  masters  of  engineering  in  England — Smeaton  and  Brind- 
ley,  and  Rennie  and  Telford.  He  inherited  from  his  father  a  taste  for 
mechanical  work,  unbounded  common  sense,  and  an  intense  desire  to  be 
of  use.  His  college  studies  and  his  legal  training  alike  fed  a  strong  mind 
with  strong  food.  His  grasp  was  broad,  and  his  hold  was  sure.  There 
was  no  such  word  with  him  as  fail.  The  greater  the  obstacle  with  which 
he  had  to  contend,  the  brigliter  shone  his  genius.  What  was  so  truly 
said  of  John  Albion  Andrew  may  well  be  said  of  him — he  icas  devoted  to 
thoroughness  of  duty.  He  never  lost  sight  of  the  maxim  of  Eughmd's 
greatest  engineer — that  a  man's  ability  is  a  debt  he  owes  to  the  welfare 
of  his  fellow  men. 


CEMENT   AND  SILICATE  OF  LIME. 


By  D.  p.  Waters,  Member  of  the  Engineers'  Club  of  Minnesota. 
[Read  June  12,  1885.] 


In  inviting  j'-our  attention  to  a  subject  of  this  nature,  whereof  so  much 
has  been  written  by  my  superiors  in  the  profession,  my  excuse  is  that  In 
the  manifold  duties  and  studies  of  the  engineer  comparatively  little  time 
can  be  devoted  to  those  branches  with  which  he  is  not  especially  asso- 
ciated ;  and  while  a  general  knowledge  of  such  matters  is  retained,  yet 
unforeseen  conditions  arise  which  call  for  prompt  study  and  investiga- 
tion. Therefore,  it  may  be  that  some  of  you  may  find  entertainment  in 
this  paper. 

Several  articles  have  been  from  time  to  time  going  the  rounds  of  the 
scientific  and  architectural  journals,  their  special  mission  apparently  to 
enlighten  us  as  to  the  manipulation  of  cement  and  lime  to  make  good  mor- 
tar, depending  upon  certain  characteristics  and  chemical  combinations. 
Some  of  them  do.  Others  do  not.  One  wriier,  under  the  head  of  "  How 
to  make  good  mortar,"  assures  us  that  two  parts  in  bulk  of  good  white 
lime,  mixed  with  one  of  clean,  sharp  sand,  and  put  away  m  a  damp  place, 
will  combine  in  a  week  or  two  and  form  silicate  of  lime.  Experiment  has 
demonstrated  that  such  a  combination,  independent  of  proportions,  can 
never  form  silicate  of  lime.  The  researches  of  Penzholt  and  others  prove 
that  lime  mortar  never  "  sets."  It  will,  of  course,  harden  by  dryingand 
by  tlie  absorption  of  carbonic  acid  from  the  air.  but,  when  pla'-ed  in 
water  after  a  lapse  of  hundreds  of  years,  the  Ume  and  sand  will  sef)arate. 
Not  so  with  cement  mortar.     Here  a  true  silicate  of  lime  is  formed,  and 


2G  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

a  mixture  produced  that  will  endure  for  ages— in  fact,  grow  stronger  as 
it  grows  older.  The  concrete  work  of  the  ancients  bears  testimony  to 
this  statement. 

You  will  tind  that  the  ordinary  text  book  on  ino.ganic  chemistry  dis- 
poses of  i  lie  subject  of  cement  in  rather  a  summary  manner.  So  also 
does  the  average  chemist.  But  the  industrial  portion  of  this  great  study 
is  ever  associated  with  the  spirit  of  investigation  and  experiment,  nec- 
essary elements  of  progress,  and  fostered  by  the  perplexities  arising  from 
the  application  of  theory  to  practice.  This  is  found  to  be  true  relative 
to  liydraulic  cement.  The  process  of  preparing  cement  for  use  is  ex- 
plained by  the  majority  of  chemists  substantially  as  follows  : 

The  rock,  having  been  found  by  analysis  to  contain  the  proper  propor- 
tions of  carbonate  of  lime  and  free  silica  (independent  of  other  in- 
gredients, such  as  magnesia,  alumina,  oxide  of  iron,  etc.)  necessary  for 
a  hydraulic  product,  is  first  calcined.  During  the  process  of  calcination 
the  carb  inic  acid  is  expelled,  the  carbonate  of  lime  being  changed  to 
quick  lime  or  oxide  of  lime. 

The  liiue  and  silica  remain  in  a  free  state  throughout,  and  until  the 
ground  product  is  hydrated  or  "  wet  up,"  at  which  time  the  lime  and 
silica  unite  and  form  silicate  of  lime.  The  alumina  and  magnesia,  when 
present,  become  silicate  of  alumina  and  magnesia,  provided  there  is 
enough  silica  to  go  around.    Otherwise,  they  remain  uncombined. 

Now  let  us  see  what  experiment  opposes  to  this  theory.  You  are  to 
bear  in  mind,  meanwhile,  that  no  chemical  change  takes  place  except  in 
the  change  of  carbonate  of  lime  to  oxide  of  lime  by  the  expulsion  of  car- 
bonic acid — the  lime  and  silica  are  free  until  hydration  takes  place. 
Experiment  has  proved  that  under  no  circumstances  will  silica  and  free 
lime  unite  and  form  silicate  of  lime  by  hydration.  I  refer  to  silica  in 
this  instance  as  pounded  quartz,  clay  or  fine  sand,  etc.  Precipitated 
silic  I  wni  combine  with  lime  and  form  a  silica,  but  this  does  not  exist  in 
cement.  In  other  words,  a  sihca  that  will  not  dissolve  in  caustic  soda 
will  not  combine  with  lime.  By  adding  hydrochloric  acid  to  the  silicate 
of  soda,  the  silica  is  precipitated  in  a  gelatinous  form,  and  in  this  condi- 
tion will  combine  with  lime  and  form  a  silicate  of  lime.  The  believers  in 
the  theory  that  free  lime  and  free  silica  exist  in  ground  cement  and  com- 
bine by  hydration,  are  very  numerous,  both  in  our  own  profession  and 
among  would-be  experts  on  questions  relative  to  this  material,  but  in  my 
opinion  it  is  very  much  like  that  kind  of  faith  which  leads  us  to  accept  a 
Trinity.  They  argue  that  the  silica  exists  in  an  exceedingly  fine  condi- 
tion, and  in  some  other  way  is  prepared  to  combine  with  the  lime. 
It  certainly  is  not  in  a  gelatinous  form,  because  in  the  very  nature 
of  the  theory  the  silica  must  be  about  the  same  when  the 
cement  is  ground  as  when  the  rock  was  first  thrown  into  the  kiln,  except 
in  the  case  of  overburning,  in  which  event  the  silica  would  become  vitri- 
fied by  fusion  and  the  cement  destroyed.  Let  us  now  consider  the  other 
side  of  the  question,  which  is  that  silicate  of  Ume  is  formed  during  the 
burning  x>rocess.     The  theory  in  this  case  being  as  follows  : 

During  the  process  of  calcination  the  carbonic  acid,  being  volatile,  is 
expelled  from  the  lime.  The  silica,  not  being  volatile,  takes  its  place  and 
combines  with  the  lime,  forming  sUicate  of  lime.    This  theory  is  advanced 
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and  supported  by  the  most  distinguished  investigators  in  tlie  fields  of 
chemistry,  aside  from  engineers  and  exj)i'rts.  It  is  more  reasonable  and 
easy  to  understand.  Among  the  many  authorities  on  this  side  of  the 
question,  I  will  quote  but  two — one  American,  the  other  an  European. 
C.  A.  Joy,  Professor  of  Chemistry  in  Columbia  College,  says  that  "  pul- 
verized silica,  when  mixed  with  the  alkaline  carbonates,  will  combine 
with  them  when  subjected  to  furnace  heat,  I  he  silica  takmg  tlie  place 
of  the  expelled  carbonic  acid  and  combining  to  form  a  silicate,  thus 
proving  its  properties  as  an  acid." 

The  same  authority  assures  us  that  silica  will  displace  even  sulphuric 
acid  in  the  alkaUne  sulphates,  and  take  its  place.  Any  person  can.  by 
simple  experiment,  prove  that  these  facts  are  true. 

Now  let  us  see  what  a  still  greater  authority  saj's.  Henry  Watts,  of 
London,  England,  editor  of  the  Journal  of  Chemistry,  and  author  of  the 
Dictionary  of  Chemistry  (used  as  an  authority  in  most  universities), 
quotes  as  follows  : 

"  Silicate  of  calcium  forms  the  essential  constituent  of  hydraulic  mor- 
tars." '^  Marl,  which  is  a  mixture  of  clay  with  carbonate  of  calcium,  forms 
a  natural  hydraulic  limestone.  It  is  best  adapted  for  the  purpose  when 
it  contains  one  part  clay  and  three  parts  calcic  carbonate.  When  such  a 
mixture  is  ignited,  silicate  of  calcium  is  formed,  and  the  pulverized 
product  hardens  under  water." 

As  a  rule,  I  have  found  that  the  opinions  of  a  few  great  authorites  fur- 
nish safer  guidance  than  those  of  a  thousand  inferior  ones.  For  where 
the  many  are  content  to  be  guided  by  old  precepts,  the  few  are  disposed 
to  test  them  in  the  crucible  of  experiment ;  and  this  fact  is  by  no  means 
due  to  lack  of  theoretical  knowledge  on  the  part  of  those  who  halt ;  for 
there  is  so  much  self-sacrifice  and  apparently  unremunerative  laboV  in 
the  attempt  to  improve  on  old  theories  that  it  is  no  wonder  so  many  of 
us  grow  philosophical  or  careless  in  these  matters,  without  some  unusual 
incentive  for  exertion  is  presented. 

Without  further  digression,  I  will  endeavor  to  dispose  of  my  subject 
by  an  analysis  of  the  first  theory  and  a  support  of  the  second,  in  as  few 
words  as  possible. 

If  the  clay  and  lime  in  burnt  and  ground  cement  are  not  combined, 
why  do  chemists  employ  acids  to  separate  them  ?  If  a  pound  of  cement 
be  carefully  sprinkled  into  a  barrel  of  water  and  vigorously  stirred,  and 
the  lime  is  free,  why  does  not  the  water  take  up  the  lime  in  solution  and 
leave  the  clay  free  on  the  bottom?  One  may  stir  the  water  a  week,  and 
by  turning  it  oflf  and  allowing  the  residue  to  dry,  the  pound  of  cement 
would  still  be  there,  provided,  of  course,  that  there  is  not  an  excess  of 
free  lime  in  the  cement ;  in  which  case  the  surplus  would  be  taken  up  in 
solution,  as  two  parts  in  bulk  of  free  lime  will  combine,  approximately, 
with  only  one  of  silica.  I  cannot  find  a  single  support  for  this  theory  to 
rest  upon,  while  on  the  other  hand  we  have  seenthat  silica  will  dispel  the 
other  acids  when  associated  with  them,  under  intense  heat,  in  the  alka- 
line carbonates  and  sulphates,  and  supply  their  place  by  combining  with 
the  bases. 

Wlien  we  consider  that  silicate  of  lime  is  the  life  of  cement  and 
inseparably  associated   with  all  hydraulic  work  in  our  profession;  that 
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any  subject  conducive  to  a  better  knowledge  of  the  materials  we  use  i^ 
construction  should  be  worthy  the  attention  of  the  engineer  ;  and  that 
silica  and  heat  are  even  now  being  applied  with  startling  results  to  other 
inorganic  substances  in  nature,  it  may  be  that  later  on  the  contents  of 
tliis  paper  may  furnish  some  of  you  food  for  reflection. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


SEPTEJfBER  16,  1885 : — A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  and  called  to  order  at  7 :30  p.  M. ,  Vice-President  L.  Frederick  Rice 
in  the  chair,  tweuty-eight  members  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  report  of  the  Govorument  nominating  Messrs.  Charles  H.  Swan,  Charles 
W.  Kettell,  Thomas  W.  Davis  a  Committee  on  Weights  and  Measures  was  pre- 
sented. Mr.  Thomas  W.  Davis  declining  to  serve,  the  Government  was  j-equo.sted 
to  fill  the  vacancy.     Mr.  Charles  W.  Folsom  was  appointed  to  fill  this  vacancy. 

The  communications  from  the  Committee  of  the  Civil  Engiueers'  Club  of  Cleve- 
land, concerning  the  relation  of  Army  and  Civil  Engiueers  in  the  Government 
Service,  with  the  report  of  the  Government  of  this  Society,  giving  the  results  of 
correspondence  with  this  Committee,  were  read  and  discussed  by  Messrs.  Brooks, 
Carson,  Mauley,  Hardy,  Adams  and  Albert  H.  Rowland. 

On  motion  of  Mr.  C.  W.  Folsom  it  was  voted  :  That  the  Government  of  this 
Society  be  requested  to  appoint  a  committe  of  three  (one  from  the  Government 
and  two  from  the  Society  at  large)  to  consider  the  subject,  to  communicate  if  pos- 
sible with  the  officers  of  the  Convention  at  Cleveland  and  to  report  at  the  next 
meeting.  The  Committee  appointed  by  the  Government  consists  of  Messrs.  L. 
Frederick  Rice,  Clemens  Hersche),  Thomas  Doane. 

On  motion  of  Mr.  G.  R.  Hardy  it  was  voted  :  That  the  Society  deems  it  unad- 
visable  to  take  any  action,  other  than  has  been  taken,  upon  the  questions  proposed 
in  the  circular  of  the  Committea  of  the  Civil  Eugiueer.s'  Club  of  Cleveland,  until 
after  the  report  of  the  Committee  of  this  Society  is  presented. 

On  motion  it  was  voted  :  That  the  President  be  requested  to  appoint  a  committee 
of  three  to  consider  and  report  to  the  Society  at  the  next  meeting,  what  action  of 
this  Society  is  desirable  in  connection  with  the  Convention  of  the  American  Society 
of  Mechanical  Engineers.  The  Committee  appointed  by  the  President  consists  of 
Messrs.  G.  W.  Blodgett,  G.  Lanza,  G.  F.  Swain. 

On  motion  of  Mr.  Henry  Mauley,  it  was  voted  :  That  a  committee  of  three  be 
appointed  by  nomination  at  large,  to  consider  the  question  of  quarters  for  the 
Society,  to  present  to  the  members  by  circular  the  advantages  of  such  rooms  as 
the  conunittee  may  consider,  and  provide  for  a  letter  ballot,  to  be  announced  at 
our  next  meeting,  to  decide  the  individual  preference  of  the  members  as  to  the 
place  of  meeting  of  the  Society.  The  Committee  nominated  consists  of  Messi-s.  H. 
Manley,  A.  F.  Noyes,  F.  P.  Stearns. 

On  motion  it  was  voted  :  That  the  next  meeting  of  the  Society  be  held  in  the 
New  England  Railway  Club  room. 

Messrs.  James  Francis  and  Charles  E.  Haberstroh  were  elected  Members  of  this 
Society. 

Mr.  John  A.  Gould,  Jr.,  was  proposed  for  membership  ;  recommended  by 
Messrs.  D.  Brackett  and  F.  P.  Steams. 

Mr.  Christopher  J.  Carver  was  proposed  for  membership,  recommended  by  D. 
Brackett  and  E.  W.  Howe. 

President  G.  L.  Vose  read  a  sketch  of  the  life  and  works  of  Loammi  Baldwin. 

{Adjourned.'i  H.  L.  Eaton,  Secretary. 


October,  21,  1885  :— A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
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neers  was  held  and  called  to  order  at  7:45  p.  M.  President  George  L.  Vose  in  the 
chair,  twenty-six  members  and  three  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  committee  appointed  at  the  last  meeting  to  consider  the  question  of  quarters 
for  the  Society,  and  provide  for  a  letter  ballot  to  decide  the  individual  preference 
of  the  members  as  to  the  place  of  meeting  of  the  Society,  presented  the  following 
report  :  The  result  of  the  ballot  on  the  (juestion,  Shall  the  place  of  meeting  of  the 
Society  be  changed  from  Wesleyan  Hall,  Bromfield  street,  to  the  B.  &  A.  R.  R. 
Station  is  as  follows  : 

"Whole  number  of  ballots  received,  eighty-four;  affirmative,  seventy;  negative, 
twelve;  two  to  be  counted  with  the  majority. 

On  motion  of  Mr.  H.  Manley  it  was  voted:  That  this  informal  ballot  be 
declared  formal. 

Mr.  G.  F.  Swain,  member  of  the  Committee  appointed  at  the  last  meeting  on 
the  Convention  of  the  American  Society  of  Mechanical  Engineers  ,  presented  a 
report  recommending  that  the  Society  print  a  description  of  the  Boston  Main 
Drainage  Works,  including  a  description  of  its  Pumping  Plant  and  some  duty 
trials  of  the  Leavitt  engine  and  boilers,  to  be  placed  at  the  disposal  of  the  Con- 
vention. 

On  motion  of  Mr.  H.  Mauley  it  was  voted  :  That  the  President  be  requested  to 
add  two  names  to  this  committee.  Messrs.  P.  P.  Stearns  and  H.  L.  Eaton  were 
added. 

On  motion  it  was  voted  :  That  the  Society  print  a  description  of  the  Main 
Drainage  AVorks  as  recommended  by  the  committee  on  the  Convention  of  the 
American  Society  of  Mechanical  Engineers. 

Mr.  Thomas  Doane,  member  of  the  Committee  on  the  relation  of  army  and 
civil  engineers  in  the  government  service  reported  that  no  progress  had  been  made. 

On  motion  of  Mr.  H.  Manley  it  was  voted  :  That  the  President  be  requested  to 
appoint  a  committee  of  five,  of  which  the  Librarian  shall  be  chairman,  to  arrange 
for  the  transfer  of  the  library  to  its  new  location,  and  report  plans  and  estimate 
of  co.st  of  furnishing  the  new  room  at  the  next  meeting. 

That  this  committee  be  instructed  to  provide  book  cases  for  the  library  at  an 
exx)ense  not  exceeding  §100. 

On  motion  of  Mr.  J.  R.  Freeman  it  was  voted  :  That  a  vote  of  thanks  be  extended 
to  Mr.  James  T.  Furber,  General  Manager  of  the  Boston  &  Maine  Railroad,  for 
courtesies  extended  and  transportation  furnished  the  Society  on  its  excursion  to 
Lawrence,  Sept.  17,  1885. 

Messrs.  John  A.  Gould,  Jr. ,  and  Christopher  J.  Carren  were  elected  members  of 
this  Society. 

Messrs.  Forrest  L.  Libbey,  William  T.  Pierce,  Dwight  Porter,  Ulysses  S.  G. 
White  were  proposed  for  membership,  recommended  respectively  by  H.  Manley, 
F.  P.  Spalding  ;  E.  H.  Gowiug,  E.  W.  Bowditch  ;  G.  L.  Vose,  A.  E.  Burton  ;  G. 
L.  Vose,  G.  F.  Swain. 

Mr.  F.  P.  Stearns  read  a  paper  on  a  Novel  Method  of  Leveling  for  Cross- 
sections. 

iAdjoumed.']  H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


NovESiBER  4,  1885:— The  Club  met  at  8:15  p.  m.  at  Washington  University, 
with  President  Moore  in  the  chair  and  twelve  Members  present. 

The  minutes  of  last  meeting  were  approved  as  published. 

The  Executive  Committee  recommended  that  Mr.  Thos.  McMath  be  elected  a 
Member  of  the  Club.     He  was  balloted  for  and  elected. 

Mr.  Wm.  B.  Knight,  of  Kansas  City,  Mo.,  was  proposed  for  membership  by 
Messrs.  Robt.  Moore  and  Edmond  Saxton. 
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A  paper  by  Mr.  C.  W.  Clark  was  thcu  read,  entitled  "  Notes  on  the  Influenco  of 
Int'linatiou  of  the  Limb  and  of  the  Axis  of  a  Theodolite  on  the  Measurenuut  of 
Horizontal  Angles,"  and  discussed  at  length  by  Prof.  Johnson. 

In  the  general  discussion  Mr.  Hill  gave  the  result  of  some  te.sts  of  cement  and 
sand  brieks,  mixed  4  of  sand  to  1  of  cement.  They  were  twenty-six  daj^s  old  and 
averaged  about  1^5  lbs.  per  square  inch  in  compression.  Mr.  llus.sell  gave  an 
instance  where  common  clay  stood  135  lbs.  per  square  inch  in  tension.  Various 
other  subjects  were  commented  upon. 

Mr.  Flail  made  a  motion  that  the  next  meeting  of  the  Club  be  held  at  Mercan- 
tile Library.     Motion  carried. 

lAdJuunu'd.]  Thos.  D.  Miller,  Secretary. 


November  18,  1S85  :— Club  met  at  8  p.  m.,  at  Mercantile  Library,  President 
Mooi'e  in  the  chair,  and  seventeen  members  present. 

Minutes  of  last  meeting  were  read  and  approved. 

Executive  Committee  reported  favorably  on  the  proposal  of  Wm.  B.  Eliiight  for 
membershi]);  being  balloted  for  he  was  declared  elected.  Executive  Committee 
recommended  that  the  meetings  be  held  on  the  first  and  thii'd  Wednesdays  of  each 
mouth  during  the  season.     On  motion  the  recommendation  was  adopted. 

The  Secretary  then  read  a  programme  for  the  winter: 

Dec.  2. — C.  M.  Woodward,  Theory  of  Ammonia  Refrigerators. 

Dec.  16 — Thomas  J.  Whitman,  History  of  the  St.  Louis  Water-Works. 

Jan.  6 — J.  A.  Seddon,  Cross  Sections  of  Uniform  Flow  in  River  Physics. 

Jan.  20— P.  M.  Bruner,  The  Use  of  Hydraulic  Cements. 

Feb.  3-Chas.  C.  Brown. 

Feb.  17 — Chas.  W.  Melcher,  The  Theory  of  the  Sustaining  Power  of  an  Air  Jet. 

March  3— Robt.  E.  McMath,  The  Futm-e  Drainage  of  St.  Louis. 

March  17 — A.  P.  Man,  The  Determination  of  Openings  for  Bridges  and  Culverts. 

April  7 — W.  Paul  Gerhardt,  Disposal  of  Household  Waste. 

April  21 — Geo.  H.  Pegram. 

May  5 — S.  Bent  Russel,  Water  Supply  for  Fire  Service. 

May  19— W.  H.  Allerdice. 

June  2 — Report  of  Committee  on  Smoke  Prevention. 

Moved  and  seconded  that  the  Executive  Committee  confer  with  the  Directors  of 
the  Mercantile  Library  in  regard  to  providing  a  room  for  the  Club  in  the  new 
building,  and  it  be  authorized  to  purchase  a  share  of  the  membership  stock  for  the 
Club.     Carried. 

Prof.  J.  B.  Johnson  read  a  paper  on  Solar  Azimuths  by  Transit  Attachments 
and  Base  Line  Measurements  by  the  Steel  Tape.     General  discussion  followed. 

On  motion  a  nominating  committee  consisting  of  Messrs.  J.  A.  Seddon,  C.  W. 
Melcher,  Ed.  Flad,  J.  A.  Ockerson,  and  S.  B.  Russel  was  appointed  by  the  Club. 

[Acljoumed.l  Thos.  D.  Miller,  Secretary. 
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October  6,  1885  :— The  216th  meeting  was  held  in  the  Society's  hall,  at  4  p.  m., 
President  Williams  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Upon  ballot,  the  following  gentlemen  were  elected  Members  :  John  Watson 
Alvord,  Henry  R.  Chichester,  Gustav  Lauritz  Clausen,  Abraham  Gottlieb,  and 
Barnabas  Schreimer. 

Pi-of .  Cooley.  for  Committee  on  Relation  of  Army  and  Civil  Engineers,  requested 
postponement  of  the  discussion  appointed  for  this  meeting,  which  was  ordered. 

A  circular  letter  from  the  Committee  of  the  Civil  Engineers'  Club,  of  Cleveland, 
on  this  topic,  dated  September  4,  was  referred  to  Committee,  with  power  to  act. 
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The  Secretary  reported  receipt  of  photograph  likeness  from  Mr.  Henry  W.  Park- 
hurst. 

The  Secretary  also  reported  receipt  of  a  number  of  copies  of  the  "Proceedings  of 
the  Annual  Meeting  of  the  Connecticut  State  Association  of  Engineers  and  Survey- 
ors," one  of  which  he  had  mailed  to  each  member. 

Mr.  Williams  presented  a  bill  from  the  Association  of  Engineering  Societies  for 
$l09,  which  was  ordered  paid. 

The  President  introduced  Mr.  Henry  B.  Mason,  who  read  a  paper,  "  Railroad 
Oracle."  A  vote  of  thanks  to  Mr.  Mason  was  passed,  and  a  copy  of  the  paper 
requested  for  publication. 

By  invitation  of  the  President,  Mr.  C.  A.  Needham  exhibited  and  described  a 
model  of  an  oiler  for  car  journals. 

Upon  application  Mr.  Frank  S.  Washburn  was  transferred  from  the  grade  of 
Associate  to  that  of  Member. 

[Adjourned.'\  L.  P.  Morehouse,  Secretary. 

In  answer  to  questions  of  Mr.  T.  J.  Nicholl,  I  would  beg  to  refer  to  a  report  I 
prepared  and  read  at  the  National  Narrow  Gauge  Convention  at  Cmeinuati,  1878, 
"  Operation  of  Narrow-Gauge  RaUi-oads."  It  was  published  in  the  Railway  Age, 
November?,  1878.  The  same  paper,  December  26,  1878,  contains  a  communi- 
cation, "The  Gauge  Question,"  and  January  14, 1879,  "  Conundrums  in  Gauge 
Answered." 

The  most  economical  section  and  weight  for  steel  rails  depends  chiefly  upon  the 
weight  on  locomotive  wheels,  as  ordinarily  the  locomotive  does  greatest 
damage  to  the  track,  and  is  the  greatest  weight  coming  upon  it.  Mr.  Nicholl  does 
not  give  the  weight  per  wheel  of  his  locomotive.  Its  total  weight  is  35  tons.  How 
much  of  this  is  carried  on  each  driver  ?  What  is  the  distance  between  cross  ties  ? 
Mr.  Nicholl  will  find  valuable  and  interesting  articles  in  the  Railroad  Gazette  on 
the  question  of  rails,  March  13,  March  87,  July  10,  July  24,July  81,  August  14, 
all  1885.  Augustine  W.  Wright. 

In  reply  to  Mr.  Wright's  queries,  Mr.  Nicholl  says  : 

Returning  your  report  of  Mr.  A.  W.  Wright — 7  tons  on  each  driver  (4)  ;  ties  3 
feet  apart ;  character  of  traffic,  ore,  coal,  lumber  and  merchandise.  Below  is 
dimensions  of  coal  car  :  Body  is  7  feet  6  inches  x  39  feet  6  inches  x  3  feet  clear  ; 
weight  of  car,  15,484  pounds,  with  trucks  ;  weight  of  each  truck,  3,900  pounds  ; 
size  of  wheels,  30  inches  ;  journals,  ^%  x  7%  ;  floor  of  car,  3  feet  6  inches  from 
rail,  and  on  this  car  we  have  carried  34  tons  of  pig  iron,  but  do  not  allow  gener- 
ally over  40,000  povmds. 

November  2,  1885  -.—The  217th  meeting  was  held  in  the  Society's  hall,  at  4 
p.  M.     Mr.  Cregier  was  called  to  the  chair. 

The  minutes  of  the  jjreceding  meeting  were  read  and  approved. 

Two  papers  were  read  and  discussed  : 

"  Amount  of  Horse-Power  Used  in  Propelling  Street  Cars."    By  A.  W.  Wright. 

"  The  Relative  Expenses  of  Some  Items  of  Operating  Upon  Narrow  and  Broad 
Gauge  Railroads."    By  C.  H.  Hudson. 

It  was  voted  that  the  next  meeting  should  be  held  at  7:30  p.  m. 

[Adjounied.'\  L.  P.  Morehouse,  Secretary. 


November  17,  1885  :— The  218th  meeting  was  held  in  the  Society's  Hall  at 
7:30  p.  M.     Mr.  Wright  was  called  to  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Application  to  be  admitted  as  a  member  was  presented  from  Mr.  Maurice 
Seifert,  Civil  Engineer  and  Contractor,  No.  75  Major  Block,  Chicago,  indorsed  by 
Messrs.  Zellweger,  Gottlieb  and  Wright. 

A  paper  by  Mr.  E.  J.  Ward,  "  The  Feasibility  of  an  Inverted  Siphon  Tunnel 
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lor  Improving  the  Water  Power  of  tlie  Illinois  River  at  Marseilles,"  was  read  and 
discussed. 

The  following  resolution  was  adopted  : 

Resolved,  That  it  is  inexpedient,  for  the  present,  to  hold  more  than  one  monthly 
meeting,  anil  that  the  hour  of  meeting  be  7:30  p.  m.,  for  the  first  Tues<lay  of  each 
month. 

lAilJourned.']  L.  P.  Morehouse,  Secretary. 


The  annual  election  for  President,  First  Vice-President,  Second  Vice-President, 
Secretary,  Treasurer,  Librarian  and  Trustee,  will  take  place  at  the  meeting,  Tues- 
day, January."),  188(5. 

Members  expecting  not  to  be  present  can  send  letter  ballots. 


CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


August  11,  1885  : — Meeting  called  to  order.  President  Holloway  in  the  chair. 
In  the  absence  of  the  Secretary,  Mr.  Mordecai  was  elected  Secretary  pro  tem. 

On  motion,  the  reading  of  the  minutes  of  the  previous  meeting  was  dispensed 
with. 

The  thanks  of  the  Club  were  extended  to  the  Association  of  Engineers  and  Sur- 
veyors of  the  State  of  Indiana,  and  to  Mr.  E.  S.  Corthell,  of  the  Tehuantepec  Ship 
Canal  Co. ,  for  pamphlets  received. 

The  Committee  on  Architecture  was  authorized  to  take  such  action  upon  the 
question  of  building  inspection  as  may  be  deemed  best,  and  report  the  same  in 
writing  at  next  meeting. 

Lord  Cecil,  of  the  London  District  Underground  Railroad,  was  introduced  by 
the  President,  and  gave  some  interesting  facts  in  relation  to  the  construction  and 
operation  of  that  road.  He  stated  that  they  wei-e  using  a  rail  similar  to  the  double- 
headed  rail,  and  weighing  86  lbs.  per  yard,  supported  by  chairs  upon  cross-ties  2 
feet  3  inches  apart.  The  rails  showed  very  unequal  wear,  some  lasting  6  years,, 
some  only  6  months. 

They  were  ninning  18  trains  an  hour  over  the  road,  spaced  3  minutes  apart,, 
with  two  spaces  of  6  minutes  each.  He  thought  30  trains  per  hour  was  the  limit. 
He  thought  the  New  York  Elevated  roads  were  capable  of  handling  more  trains 
per  day  than  the  underground  road,  as  they  are  open  and  above  ground,  and 
the  trains  can  be  more  easily  seen.  They  make  only  from  15  to  20-second  stops, 
and  he  believed,  therefore,  that  the  English  system  of  coaches,  with  side  entrances, 
is  better  adapted  to  the  quick  handling  of  passengers  than  the  American  system 
with  end  doors  and  narrow  aisles.  They  use  the  Westinghouse  air  brake  without 
the  triple  valve.     The  average  fare  is  about  4  cents  per  pas.senger. 

Mr.  AValter  Miller  read  a  paper  on  the  "Compound  Marine  Engines  for  Lake 
Service,"  which  was  generally  discussed. 

The  following  resolution  was  adopted  : 

Resolved,  That  the  Treasurer  of  the  Club  be,  and  he  is  hereby,  authorized  to  pay 
to  the  Association  of  Engineering  Societies,  for  the  publication  of  the  Journal  of 
the  Association,  such  amounts  of  money  as  shall  be  legally  called  for  from  time  to 
time  by  the  President  of  the  Board  of  Managers— such  amounts,  in  the  aggregate 
not  to  exceed  three  dollars  per  member,  based  upon  the  mailing  list,  at  the  tiiuc  an 
assessment  is  made. 

lAdjourned.'i  A.  Mokdecai,  Rec.  Sec'y,  pro  tem. 


September  8,  1885  :— Meeting  called  to  order,  President  Holloway  in  the  chair 
Minutes  of  the  July  and  August  meetings  were  read  and  approved. 
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Tlie  Committee  appoiuted  ou  tbe  relation  between  the  Militarj-  and  Civil  Eng  i 
neers  ujwn  aovernmeut  works,  other  than  Military,  reported  progix-ss. 

Books  and  pamphlets  received  as  follows  : 

Boston  Improved  Sewerage  Report ;  American  Engineering  Register  of  Pi-of. 
L.  M.  Hau|>t;  Fifth  Annual  Meeting  of  the  American  Water- Works  Association; 
Abstrac-t  of  tbe  Proceedings  of  tbe  Society  of  Arts  of  the  Massachusetts  Institute 
of  Technology;  Earth-Work  Estimation,  by  S.  B.  Fisher,  of  the  Pennsylvania 
Railroad :  A  System  of  Iron  Railway  Bridges  for  Japan,  by  J.  A.  L.  Waddell. 

The  Request  of  Technical  Society  of  the  Pacific  Slope  for  an  exchange  of  pub- 
lications was  referred  to  tbe  Committee  on  Library  and  Publications. 

Mr.  Charles  Latimer,  Chief  Engineer  of  the  N.  Y.,  P.  &  O.  R.  R.,  read  his 
paper  on  "  Railroad  Organization,"  which  he  read  before  the  American  Society  at 
Deer  Park. 

Mr.  A.  Mordecai  read  a  short  paper,  discussing  the  paper  read  by  Mr.  Latimer. 

Mr.  J.  H.  Sargeiit  read  a  paper  ou  "  The  Development  of  Transportation  in 
Northern  Ohio." 

[Adjourned.']  M.  W.  Kingsley,  Rec.  Secretary. 

October  13,  1885  :— Meeting  called  to  order,  President  Holloway  iu  the  chair. 
Minutes  of  last  meeting  were  read  and  approved. 

D.  C.  Heuuy  was  elected  an  Active  Member  of  the  Club. 

A  vote  of  thanks  was  tendered  Col.  J.  M.  Wilson,  of  Washington,  D.  C,  for 
views  and  drawings  of  St.  Mary's  Falls  canal  and  locks. 

Committee  on  the  Relations  between  the  Military  and  Civil  Engineers  on  Govern- 
ment Works  other  thau  Military  reported  jDrogress,  and  were  authorized  to  make 
arrangements  for  the  reception  of  delegates  to  the  convention,  which  is  to  meet  in 
this  city  to  discuss  the  question.  Committee  were  instructed  to  report  at  meeting, 
to  be  held  in  two  weeks. 

Prof.  Eisenmaun  read  a  paper  on  "  Tests  of  Some  of  our  Local  Building  Stones." 

{Adjourned  for  tii'O  iveeks.]  M.  W.  Kingsley,  Rec.  Secretary. 
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80LA.R  AZIMUTHS     BY     TRANSIT    ATTACHMENT,    AND     BASE 
LINE    MEASUREMENTS    BY    THE    STEEL    TAPE. 


By  J.    B.   Jon.NSoN,  JI ember  of  the  Ekgineers'  Club  of  St.  Louis  . 
[Read  November  18,  1885.] 


In  most  land  surveys,  it  is  desirable  to  refer  the  directions  of  the  bound- 
ary lines  to  the  true  meridian.  Tho  needle  comj)ass  is  the  most  common 
and  convenient  instrument  for  doing  this  ;  but  the  various  secular,  tem- 
porary, and  local  changes  in  the  declination  of  the  needle  have  resulted 
in  its  being  ruled  out  of  many  departments  of  land  surveying.  All  land 
surveys  of  the  United  States  are  now  made  with  the  solar  compass  or  the 
transit  attachment.  The  solar  device  is  the  only  instrument  with  wliich 
a  continuous  east  and  west  line  can  be  run  without  auxiliary  corrections 
or  azimuth  observations. 

It  has  been  commonly  asserted,  however,  that  the  accuracy  attainable 
in  the  use  of  the  solar  compass  was  little,  if  any,  greater  than  that  from 
the  use  of  the  needle  compass  when  the  local  declination  was  well  deter- 
mined and  there  was  no  local  attraction.  In  order  to  determine  just 
what  accuracy  was  possible  with  a  Fauth  solar  attachment  set  on  a 
Buff  &  Berger  transit,  I  spent  two  days  in  making  observations  on  a 
line  whose  azimuth  had  been  determined  by  observations  on  two  nights 
on  Polaris  at  elongation,  the  instrument:  being  reversed  to  eliminate 
errors  of  adjustment.  Forty-five  observations  were  made  with  the  solar 
attachment  on  Oct.  24,  1885,  from  9  to  10  A.  M.,  and  from  1:30  to  4  P.  M., 
and  on  Nov.  7  forty-two  observations  between  the  same  hours. 

On  the  first  day's  work  the  latitude  used  was  that  obtained  by  an 
observation  on  the  sun  ac  its  meridian  passage,  being  88'  39',  and  the 
mean  azunuth  was  20  seconds  in  error.  On  tlie  second  day,  the  instru- 
ment having  been  more  carefull}^  adjusted,  the  latitude  used  was  38'  37  . 
wliich  was  supposed  to  be  about  tlie  true  latitude  of  the  point  of  obser- 
vation, which  was  the  corner  of  Park  and  Jefferson  avenues  in  this  city. 
It  was  afterwards  found  this  latitude  was  38'  37'  15".  as  referred  to 
Washington  University  Observatory,  so  that  when  the  mean  azimuth  of 
the  line  was  corrected  for  this  15"  error  in  latitude,  it  agreed  exactly 
with  the  stellar  azimuth  of  the  line,  which  might  liave  been  10"  or  15" 
in  error.     On  the  first  day  all  the  readings  were  taken  without  a  reading 
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glas*,  there  being  four  circle  readings  to  each  result.     On  the  second  day 
a  glass  was  used. 

On  the  first  day  the  maxirauni  error  was  4  minutes,  the  average  error 
was  0.8  minute,  and  the  "probable  error  of  a  single  observation  "  was 
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also  0.8  minute.     On  the  second  day  the  maximum  error  was  2.7  minutes, 
the  average  error  was  1  minute,  and  tlie  "probable  error  of  a  single 
observation"  was  0.86   minute.      The  time  required  for  a  single  observa- 
tion is  from  three  to  five  minutes. 
I  believe   this  accuracy  is  attainable  in  actual  practice,  as  no  greater 
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care  was  taken  in  the  adjustment  or  hiuiiUin^  of  the  iiistrunicnt  tliau 
should  be  exercised  in  the  field. 

Tlie  transit  has  come  to  be  the  universal  instrument  tor  tlie  euj^ineer, 
and  should    be  for  the  surveyor,  so  it  is  more  desirable  to  have  llie  s(jlar 
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126 

4 

28 

a-) 

42 

50 

I'OJ 

I'll 

126 

143 

2  09 

5 

54 

ro5 

1'18 

1'34 

154 

224 

311 

4.38 

8  15 

For  Latitude  30". 

Oh. 

10" 

15" 

21" 

27" 

33" 

40" 

48" 

.57" 

1'08" 

2 

14 

19 

25 

31 

38 

46 

54 

1'05 

118 

3 

20 

26 

32 

39 

47 

55 

1'06 

1  19 

1  36 

4 

32 

39 

46 

.52 

1'06 

.1'19 

135 

1  57 

2  29 

5 

I'OO 

no 

1'24 

r52 

2  07 

244 

3  46 

543 

13  06 

For  Latitude  32°  30'. 

Oh. 

13" 

18" 

24" 

30" 

36" 

44" 

52" 

1'02" 

1'14" 

2 

17 

22 

28 

35 

42 

.50 

I'OO 

1  11 

126 

3 

23 

29 

35 

43 

51 

I'Ol 

1  13 

128 

147 

4 

35 

43 

51 

I'Ol 

1'13 

127 

1  40 

2  13 

2  54 

5 

1'03 

1'15 

1'31 

153 

220 

3  05 

425 

7  36 

For  Latitude  35°. 

Oh. 

15" 

21" 

27" 

33" 

40" 

48" 

57" 

1'08" 

1'21" 

2 

20 

25 

32 

38 

46 

55 

105 

118 

135 

3 

26 

33 

39 

47 

56 

1'07 

121 

136 

2  00 

4 

39 

47 

56 

1'07 

I'ao 

136 

1  59 

2  32 

3  25 

5 

1'07 

1'20 

1'38 

200 

234 

3  29 

5  14 

1016 

For  Latitude  37°  30'. 

Oh. 

18" 

24" 

30" 

36" 

44" 

52" 

1'02" 

1'14" 

1'29" 

2 

22 

28 

35 

42 

50 

I'OO 

1  12 

1  26 

145 

3 

29 

36 

43 

.52 

1'02 

1  14 

129 

149 

£16 

4 

43 

51 

I'Ol 

1'13 

127 

149 

2  14 

2  54 

4  05 

5 

I'll 

1'26 

154 

210 

2  49 

3  55 

6  15 

14  58 

Fob  Latitude  40°. 

Oh. 

21" 

27" 

33" 

40" 

48" 

57" 

1'08" 

1'21" 

1'3:)" 

2 

25 

32 

39 

46 

52 

l'C6 

1  19 

135 

157 

3 

33 

40 

48 

57 

I'OS 

121 

138 

2  02 

2  36 

4 

47 

55 

ro6 

1'19 

136 

158 

230 

3  21 

4  59 

5 

1'15 

1'31 

151 

220 

3  05 

425 

734 

25  18 

For  Latitude  42°  30'. 

Oh. 

24" 

30" 

36"           14" 

r,2" 

1'02" 

1'14" 

1'29" 

r49" 

2 

28 

35 

39             .50 

I'OO 

112 

1  26 

145 

2  11 

3 

36 

43 

52        I'oa 

1  13 

129 

149 

2  17 

2  59 

4 

50 

I'OO 

I'll          1  26 

1  44 

2  10 

2  49 

355 

6  16 

5 

1'16 

136 

158         230 

822 

500 

924 

appiratua  attached  to  t'le  transit  than  to  have  a  separate  instrument. 
The  principal  advantages  of  this  attachraent  are  : 

1.  Its  simplicity. 

2.  Its  a  ;caracy  of  pDinting,  baiu;^  furnished  with  a  telescope  which  is 

accurately  set  on  the  sun's  disk. 
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3.  In  its  providing  that  all  angles  be  set  off  on  the  vertical  and  hori- 
zontal limbs  of  the  transit,  thus  eliminating  the  eccentricity  and  other 
inaccuracies  usually  found  in  attachment  circles  or  arcs. 

4.  Its  small  cost. 

TAKLE    T.,    CONCLUDED 


DECLINATIONS. 

For  Latitude  45°. 

g 

2 

+  20° 

+  15° 

+  10^ 

+  5° 

0° 

-5 

-10° 

-15° 

-20° 

Oh. 

27" 

33" 

40" 

48" 

57" 

1'08" 

1'21" 

1'39" 

2'02" 

2 

32 

39 

46 

52 

1'06 

1  19 

ia5 

157 

229 

?. 

40 

47 

56 

r07 

121 

138 

200 

234 

3  29 

4 

54 

1'04 

1'16 

133 

154 

2  24 

311 

4  38 

815 

5 

1'23 

141 

2  05 

2  41          3  40 

540 

12  02 

Foe  Latitude  47°  30'. 

Oh, 

30" 

.36" 

44" 

52" 

1'02" 

1'14" 

1'29" 

1'49" 

2'18" 

2 

35 

42 

50 

I'OO 

112 

126 

145 

2  01 

2  51 

3 

43 

51 

101 

113 

128 

147 

215 

256 

408 

4 

56 

109 

12:3 

140 

2  05 

2  40 

3.39 

5  37 

11  18 

a 

1'27 

146 

2  12 

2  52 

4  01 

6  30 

1619 

Oh. 

For  Latitude  50°. 

33" 

40" 

48" 

57" 

1'08" 

1'21" 

1'39" 

2'02" 

2'36" 

2 

38 

46 

55 

1'06 

118 

135 

157 

2  28 

3  19 

3 

47 

56 

1'06 

119 

136 

239 

2.31 

3  23 

5  02 

4 

1'02 

1'14 

129 

148 

2  16 

2  58 

4  18 

6  59 

19  47 

5 

130 

151 

219 

304 

4  22         7  28 

24  10 

Oh. 

For  Latitude  52°  30'. 

36" 

44" 

52" 

1'02" 

1'14" 

1'29" 

1'49" 

2'18" 

3'05" 

2 

43 

50 

59 

111 

1  26 

142 

2  23 

3  49 

3  55 

3 

50 

I'OO 

I'll 

126 

145 

211 

2  51 

2  58 

623 

4 

1'05 

118 

135 

2  10 

228 

3  19 

453 

8  42 

5 

134 

156 

2  27 

316 

4  47 

8  52 

For  Latitude  55°. 

Oh. 

40" 

48" 

57" 

1'08" 

1'21" 

1'39" 

2'02" 

2'36" 

3'.33" 

2 

46 

55 

1'05 

1  18 

1.34 

156 

2  30 

3  15 

4  47 

3 

55 

1'06 

119 

135 

158 

2  30 

3  21 

4  58 

9  19 

4 

I'lO 

12:j 

142 

2  06 

2  43 

344 

5  49 

12  41 

5 

137 

2  01 

234 

328 

515 

1018 



For  Latitude  57°  30'. 

Oh. 

44" 

52" 

1'02" 

1'14" 

1'29" 

1'49" 

2'18" 

3 '05" 

4'37" 

Si 

50 

59 

111 

125 

143 

2  09 

2  47 

3  51 

604 

3 

58 

I'lO 

124 

142 

2  07 

2  43 

3  45 

550 

12  47 

4 

I'll 

125 

143 

210 

250 

3  55 

6  14 

14  49 

5 

141 

2  06 

242 

342 

5  46 

12  26 

For  Latitude  60°. 

Oh. 

48" 

57" 

1'08" 

1'21" 

1'39" 

2'02" 

2'36" 

3'33" 

5'23" 

2 

54 

1'04 

1  17 

133 

154 

324 

3  12 

4  38 

815 

3 

1'03 

1  15 

130 

151 

220 

3  04 

434 

7  31 

34  44 

4 

1  18 

134 

156 

228 

318 

4  50 

853 

5 

145 

211 

2  50 

3  57 

6  21 

15  32 

It  IS  also  readily  removed  and  replaced  without  affecting  its  adjust- 
ments, and  is  out  of  the  way  in  handling  and  reversing  the  telescope.  It 
may  be  attached  to  any  transit. 

T  le  follovvmg  tables  are  valuable  in  solar  compass  work.  The  first  is 
a  tflble  of  mean  refractions  for  various  declinations,  latitudes,  and  hour 
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TAHLK    II. 
KRRO.ts  IN  Azimuth  (by  Solar  Compass)  for  I  Min.  Error  in  Dkclination  or  Latitudk. 


Hciir. 

Fori  mill    error  Id  dt-c'itntion 

For  1  min.  error  in  latitude. 

Lar.  3u° 

Lat.  40°. 

Lat   50°. 

1 
Lat.  30°        Lat.  40°.       Lat.  50». 

1 1  .:w  A   M 1 

12.30  P.  M.    ...  S 

MiD. 
8.85 

Miu. 
10.00 

Min. 
13.90 

6.01 

MiD. 

8.77 

Min. 
9.92 

4.87 

Min. 
11.80 

11  A.  M I 

1  P.    M       ......( 

4.46 

5.05 

4.33 
2.00 

5.80 

10  A.  M.         ...  1 
2  P.  M ( 

2  31 

2.01 

3.11 

2  26 

2.70 

9A.M ( 

3P.  M \ 

1.63 

1.85 
151 

2.20 

1.15 

1.30 

1.56 

8  A.  M ( 

4P.  M f 

1.34 

1.80 

0.67 

0.75 

0.90 

7  A..  M \ 

5P.M \ 

1.20 

1.35 

1.61 

0.31 

0  35 

0.37 

6  A.  M ( 

6P.  M  f 

1  15 

1.30 

1.56 

0.00 

0.00 

0.00 

Note  :  Azimuths  observed  with  erroneous  declination  or  co-latitude  may  be  corrected 
by  means  I  f  this  table  by  observing  that  for  the  line  of  collimation  sef  too  liif/h  the 
azimuth  C'  any  line  from  the  ."iouth  point  in  the  direction  S.  W.  N.  E.  is  found  too  small 
ill  the  forenoon  ,Tnd  too  large  in  the  afternoon  by  the  tabular  amounts  for  each  minute 
of  error  in  the  altitude  of  the  1  ne  of  sig:ht.     Thf*  reverse  is  true  for  the  line  set  too  low. 


angles,  aul  is  takea  froai  Gurley's  manual.  The  second  was  computed 
by  myself  and  is  valuable  in  indicating  the  errors  to  which  the  work  is 
liable  at  different  hours  of  the  day  and  for  different  latitudes,  as  well  as 
serving  to  coiTect  the  observed  bearings  of  lines  when  it  after  .vards 
appeal's  that  a  wrong  latitude  or  declination  has  been  used.  Thus  on 
the  first  day's  observations  I  used  a  latitude  in  the  forenoon  of  38'  37', 
but  when  I  came  to  make  the  meridian  observation  for  latitude  I  found 
th*?  instru'n3ut  gave  3S'  33'.  This  was  the  latitude  that  should  have 
been  used,  so  I  corrected  the  morning's  observations  for  two  minutes 
error  in  latitude  by  this  table. 

It  is  evident  that  if  the  instrument  is  out  of  adjustment  the  latitude 
found  by  a  meridan  observation  will  be  in  error  ;  but  if  this  observed 
latitude  be  usad  in  setting  off  the  co-latitude,  the  instrumental  error  is 
eliminated.  Therefore  always  use  for  the  co- latitude  that  given  by  the 
instrument  itself  in  a  meridian  observation. 

It  must  not  be  forgotten  that  a  meridian  observation  is  not  usually 
a  «00H  observation,  as  the  sun  is  always  either  "  slow  "  or  "  fast  "  of 
mean  solar  time.  Thus  on  Nov.  7  the  sun  was  over  sixteen  minutes  fast, 
80  that  the  observation  had  to  be  taken  about  11  hours  44  minutes. 

If  the  solar  compass  or  attachment  is  to  be  used  for  obtaining  the 
azimuth  of  a  reference  line,  which  azimuth  is  carried  along  by  back 
sights  and  reversals,  then  the  azimuth  of  this  line  should  be  determined 
at  equal  intervals  before  and  after  noon,  and  the  mean  result  taken. 
This  mean  will  be  free  from  instrumental  errors,  since  these  errors  will 
be  of  equal  amounts  and  of  opposite  signs.     Or,  if  running  a  traverse,  if 
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an  azuiiuth  be  taken  at  8  a.  M.,  and  this  used  till  4  P.  M.,  when  another  is 
taken,  the  intervening  observed  azimuths  may  be  corrected  by  one-half 
the  difference  between  the  observed  azimuth  of  the  line  at  4  P.  M.  and 
the  azunuth  as  carried  along  from  the  8  A.  M.  observation.  The  cor- 
rected azinmths  would  then  be  correct  if  no  errors  had  been  made  in  the 
work,  and  if  the  instrument  bad  not  changed  its  adjustments.  The 
same  would  liold  for  observations  at  9  A.  M.  and  3  p.  M.,  10  A.  M.  and 
2  P.  M..  etc. 

BASE  LINE  MEASUKEMENTS  BY   THE  STEEL  TAPE. 

Tne  accurate  determination  of  the  horizontal  distance  between  two 
chosen  points  on  the  surface  of  the  ground  is  a  difficult  task.  The 
sources  of  error  are  of  two  kinds  :  Mechanical,  or  those  arising  from  the 
mani])ulalion  of  the  measuring  unit  and  scoring  and  keeping  the  end 
marks,  and  temperature  errors,  or  those  arising  from  the  uncertainty 
in  the  absolute  temperature,  and  therefore  length  of,  the  measuring  unit. 
Tlie  latter  source  of  error  is  much  the  larger  and  more  difficult  to  elimi- 
nate in  accurate  work.  A  compensating  apparatus  is  often  used,  but  it 
is  expensive  in  first  cost,  and  in  its  use  ;  neither  has  such  an  apparatus 
yet  been  designed  which  will  remain  of  constant  length  for  different 
rates  of  change  of  temperature. 

The  greatest  accuracy  in  proportion  to  the  time  and  money  expended 
is  undoubtedly  attainable  with  the  steel  tape.  This  should  be  from  300 
to  500  feet  in  length  and  of  "  hoop-skirt-wire  "  size.  Such  a  tape,  300 
feet  long,  with  attachments,  costs  from  $15  to  $20. 

If  absolute  results  are  desired,  there  are  three  constants  which  must  be 
determined  for  each  individual  tape,  viz..  tlie  absolute  length  at  a  given 
temperature,  or  the  temperature  at  which  its  graduated  length  is  stand- 
ard; its  coefficient  of  expansion;  and  its  modulus  of  elasticity.  None 
of  these  may  be  safely  assumed. 

The  absolute  length  is  the  most  difficult  to  obtain.  The  best  way  of 
finding  this  would  be  to  compare  it  with  some  other  tape  of  known 
length.  But  at  present  it  is  not  known  that  such  a  standard  exists.*  If 
there  were  such  a  one  it  would  not  remain  a  standard  if  used  in  the  field. 
The  straightening  of  every  bend  where  the  tape  has  taken  a  set  results 
in  lengthening  the  tape,  and  such  accidents  are  sure  to  happen  to  the 
tape  when  used  in  the  field.  It  may  be  used  for  measuring  a  standard 
base-line  whose  length  has  already  been  determined,  and  so  its  absolute 

*  The  writer  has  been  informed  since  the  reading:  of  this  paper,  that  the  absolute 
length  of  the  .300  foot  steel  tap-^  belon?cins<  to  the  Mississippi  River  Commission,  the  co- 
effleieiit  of  expansion  and  the  modulus  of  elasticity  of  which  the  writer  himself  deter- 
mined in  1880,  has  now  been  obtained.  This  was  done  by  measuring  a  part  of  the 
Olney  Base^Line  with  this  tape,  using  the  method  herein  outlined.  This  base  is  situated 
in  Soi.thern  Illinois,  and  forms  the  southern  extremity  of  U.S.  Lake  Survey  primary 
triangulation  system.  The  probable  error  in  the  'ength  of  the  base,  from  the  original 
meas'irements,  was  about  one  one-millionth.  It  is  said  the  recent  tape  measurements 
are  remarkably  accordant,  so  it  is  highly  probably  the  length  of  this  tape  is  accurately 
known .  It  should  therefore  be  no  longer  used  in  tne  field,  but  kept  as  a  standard.  This 
work,  together  with  the  measurement  of  several  secondary  base  lines,  was  done  by  the 
empluyt-s  of  the  Missouri  River  Commission,  and  when  these  results  are  made  public 
they  wdl  doubtless  denT-nstrate  the  possible  accuracy  of  steel  tape  measurements  far 
beyond  all  precedents. 
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length  found  ;  or  it  may  be  compared  witli  a  sliorter  standard  in  sections, 
by  means  of  a  comparator  fitted  with  micrometer  microscopes. 

The  coefficient  of  expansion  can  best  be  determined  also  by  comparison 
with  some  other  standard,  but  in  the  absence  of  this  a  set  of  observations 
would  have  to  be  made  through  a  sufficient  range  of  temperatiues  by 
mounting  microscopes  on  solid  i)illai's  the  length  of  the  tape  apart,  and 
protecting  the  taoe  in  sucli  a  manner  as  to  enable  its  mean  temperature 
to  be  accurately  determined.  If  out  of  doors  it  would  have  to  be  inclosed 
in  a  dry  wooden  box.  If  the  box  is  wet  the  variable  evaporation  from  it 
will  leave  the  temperature  uncertain.  The  observations  would  have  to 
be  made  continuous,  if  out  of  doors,  throughout  the  twenty-four  hours, 
in  order  to  get  the  daily  range  of  temperature.  The  writer  made  such 
a  series  of  observations  a  fe^v  j^ears  ago  on  a  300-foot  steel  tape,  continu- 
ing them  through  four  days  and  three  nights.  The  coefficient  of  expan- 
sion was  found  to  be  0.00000699  for  1    F. 

Tiie  modiolus  of  elasticity  is  easily  found  by  stretching  it  with  different 
weights  an  I  observing  the  change  in  length. 

Assuming  that  these  three  constants  have  been  found,  a  method  of 
doing  the  field  work  to  find  the  length  of  a  line  to  an  accuracy  of  1  in 
200,000.  or  1  in  300,000.  is  as  follows  : 

1.  Drive  a  line  of  stakes  on  line,  bringing  their  tops  approximately  to 
some  grade.  This  grade  may  be  anything  desired,  but  the  upward 
changes  should  occur  at  the  marking  stakes,  so  that  in  stretching  the 
tape  it  will  not  be  lifted  from  its  supports.  The  stakes  should  be  about 
35  feet  apart,  with  one  face  carefully  in  line,  or  at  least  within  an  inch 
of  the  line.  Determine  on  a  set  of  grades  that  will  be  convenient,  and 
that  will  keep  the  tape  at  least  one  foot  above  the  ground.  Drive  nails 
in  the  sides  of  the  stakes  that  are  in  line  on  the  grades  fixed  ujion.  An 
approximate  profile  of  the  line  is  helpful  in  fixing  on  these  grades.  On 
these  nails  hang  hooks  about  two  inches  long,  such  that  the  tape  can  be 
readily  inserted  and  removed.  These  hooks,  turning  freely  about  their 
supports,  will  eliminate  all  friction  when  adjusted  to  a  vertical  position. 
The  300-foot  stakes  (if  a  300-foot  tape  is  used)  should  be  very  firm,  and 
set  with  their  centres  on  the  line  of  the  faces  of  the  intermediate  stakes, 
and  cut  off  accurately  to  the  grade  of  th6  tape  when  hanging  in  the 
hooks.  An  auxiliary  stake  is  driven  some  3  feet  each  siJe  of  this  mark- 
ing stake  on  which  to  rest  the  hands  in  stretching  the  tape.  The  mark- 
ing stakes  should  have  a  breadth  of  about  a  foot  to  allow  for  variations 
for  temperature.  If  the  end  graduations  fall  off  the  stake,  however,  one 
of  the  subdivisions  of  the  last  foot  can  be  chosen  and  recorded.*  After 
these  stakes  are  all  set  and  nails  driven,  the  profile  should  be  accurately 
taken  by  a  level,  holding  the  rod  on  the  nails,  and  the  length  of  the 
hooks  .above  the  marking  stakes.  This  will  enable  the  correction  for 
grade  to  be  computed  with  great  accuracy. 

*  lu  the  work  done  by  the  Missouri  River  Commission,  strips  of  ziuc  w^re  fastened  to 
the  tops  of  the  marking  stakes  and  the  scratches  made  on  these.  The  records  of  the 
several  measurements  were  thus  kept  and  carried  to  headquarters  and  filed  with  the 
notes.  Since  the  mean  temperatures  of  different  measurements  would  be  diffeient.  the 
correspond iuff  markings  on  the  zinc  would  not  be  coincident,  but  they  should  differ  by 
the  tnmperature  correction  for  the  difference  in  temperature.  An  ubsoluie  check  on 
the  fi^-ld  work  is  thus  kept  on  file  in  the  ofBce. 
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The  tape  should  be  stretched  by  a  pull  of  from  ten  to  sixteen  pounds. 
This  can  be  done  by  the  aid  of  an  ordinary  pair  of  spring  balances  * 

The  temperature  sliould  be  read  from  at  least  three  standard  thermom- 
eters, placed  so  as  to  have  equal  weiglits  on  the  temperature  of  the  tape, 
as  at  the  50,  150  and  250  foot  marks  on  a  300  foot  tape.  Since  the  uncer- 
tainty in  knowing-  the  absolute  mean  tempi^rature  of  the  tape  will  be  the 
greatest  source  of  error  in  the  measurement,  so  it  requires  the  greatest 
care  in  its  elimination.  If  the  temperature  error  is  to  be  reduced  to  1  in 
300,000,  then  the  mean  temperature  of  the  tape  must  be  known  to  within 
one  half  a  degree  Fahr.  On  a  clear,  or  windy  day,  or  when  the  air  and 
ground  differ  in  temperature  many  degrees,  it  is  impossible  to  obtain  the 
temperature  of  the  tape  to  anythinglike  this  accuracy.  In  fact,  in  case 
of  even  a  gentle  wind,  the  varying  temperature  of  the  tape  is  so  great 
and  rapid  that  when  one  end  is  held  to  place  the  other  swings  back  and 
forth  over  an  eighth  of  an  inch  or  so,  making  it  difficult  to  decide  where 
to  set  the  mark.  For  great  at^curacy.  therefore,  the  work  must  be  done 
on  cloudy  and  still  days,  or  at  night.  Days  may  usually  be  chosen  such 
that  the  absolute  mean  temperature  of  the  tape  may  be  found  to  less 
than  half  a  degree. 

The  record  of  the  position  of  the  end  graduations  are  conveniently  kept 
on  the  tops  of  brass  or  copper  tacks  driven  into  the  marking  stake 
approximately  in  position  after  the  tape  is  stretched,  and  then  a  Ime  cvit 
by  a  knife  when  all  is  ready.  It  is  imjiortant  to  avoid  pressing  on  the 
marking  stake  in  any  manner'.  The  end  posts  should  be  very  firm.  They 
should  be  made  of  large  timbers  set  several  feet  in  the  ground  if  the  bnse 
is  to  be  measured  several  times,  or  if  the  points  are  to  be  used  for  some 
time.  Stones  may  be  then  set  beyond  these  posts  and  the  distance 
measured  to  them  by  plumbing  if  they  are  beneath  the  surface. 

It  is  impoi'tant  that  the  friction  of  the  tape  be  eliminated  by  some 
means,  and  it  is  thought  the  means  here  suggested  is  as  cheap  and 
effective  as  any.  If  the  stakes  were  sawed  off  to  gride  and  some  kind 
of  roller  arranged  for  supporting  the  tape  that  would  be  practically 
frictionless  it  would  suffice  as  well. 

The  writer's  class  of  engineering  students  measured  a  base  line,  at  Mont- 
rose, Iowa,  in  June  last,  by  the  foregoing  method,  supporting  the  tape 
every  fifty  feet,  with  the  results  given  on  the  following  page. 

The  temperature  on  June  3  varied  from  76'  to  80°,  being  cloudy  and 
calm.  On  June  8  the  conditions  were  still  more  favorable,  the  tempera- 
ture varying  between  55°  and  58^  The  end  and  intermediate  marking 
stakes  were  not  as  firm  as  they  should  have  been  for  the  best  results. 

*  In  the  experiments  made  by  the  writer  lo  determine  the  eoefflcient  of  expansion  of 
the  .300-t'oot  steel  tape  belonjjmg  to  the  Missouri  River  Commission,  and  which  was  used 
on  the  Missouri  River  worlf.  the  pull  was  obtained  by  suspending  a  sixteen  pound  load 
by  means  of  a  wire  passing  from  the  tape  through  a  cord  supporc,  which  w  as  kept  at 
an  ausle  4.5  degrees  to  Dhe  horizon.  The  horizontal  and  vertical  pulls  were  therefore 
equal. 

In  the  Wf)rk  on  the  Missouri  River,  a  still  better  method  was  employed.  It  consisted  in 
suspending  the  weij;ht  from  the  forward  side  of  a  square  block,  or  board,  the  tape  being 
attached  to  the  upper  face.  The  block  was  pivoted  on  a  knife  edge  at  its  lower  rear 
corner,  equidistant  from  the  lines  of  the  vertical  and  horizontal  forces,  and  the  block 
was  moved  by  a  screvv  Udtd  its  upper  face  came  into  a  horizontal  position,  as  shown  by 
a  level  bubble. 
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Date. 

Measured 
length. 

Snjr,  pull. 
Krade  correc- 
tions. 

Tennp. 
correction. 

Total 
Cf-rrt  ction . 

CoiTCCtfil 

Ifnurtli. 

June  3    ... 

••     3   

"     8  

•'     8  .       .. 

Ft. 
2.219.730 
2.2(9.792 
2.210.067 
2,210.043 

Ft. 
-0.441 
-0.441 
-0.441 
-0.441 

Ft. 
+0.245 
+0  212 
-0.101 
-0.074 

Ft. 
—0.196 
—0.229 
-0.542 
-0.515 

Ft. 
2.209.534 
2.209  .56  1 
2.209.,525 
2,209.528 

ean 2,209.538 

From  these  results  we  obtain  :  Probable  error  of  mean  =  0.006  ft.  =  1  in 
370,000  ;  probable  error  of  a  single  determination  =  0.01  ft.  =  1  in  220,000 
these  errors  resulting  from  the  mechanical  operations  of  measurement. 
What  the  absolute  errors  were  it  is  impossible  to  say,  since  the  tempera- 
ture at  which  the  tape  is  standard  is  unknown,  except  that  it  is  marked 
standard  at  62^  F. 

CORRECTIONS. 

1.  Correction  for  Temperature. — If  To  =  temperature  at  which  the 
tape  is  standard,  and  T  the  mean  temperature  of  the  tape  for  the  entire 
line,  whose  length  is  L,  then  we  have  : 

Ct  =  +  *0.000007  (T—To)L.  (1) 

2  Correction  for  Pull. — If  Po  =  pull  when  the  tape  was  compared  with 
the  standard;  P,  the  pull  in  pounds  on  the  tape  in  measuring,  S,  the  area 
of  the  cross-section;  and  E,  the  modulus  of  elasticity,  we  have  : 


Cp  =  +  — 


(P  —  Po)  L 


(3) 


SE 


Here  L  and  S  must  be  taken  in  inches,  since  moduli  of  elasticity  are 
given  in  pounds  per  square  inch.  For  the  tape  the  writer  experiiuented 
on  E,  was  27,400,000.  Find  S  by  weighing  the  tape,  and  remembering 
that  a  piece  of  iron  1  inch  square  and  1  yard  long  weighs  10  pounds,  we 
would  have  : 

_  _        Wt.  in  pounds. 
~  10  X  length  in  yards. 

3.  Correction  for  Grade.— It  li.  Is,  etc..  be  the  lengths  of  the  grades 
whose  angles  with  the  horizon  are  a^,  ag,  etc.,  and  if  L  =  measured 
length,  we  have 

Cq  =  (?i  cos   ^1  +  ^2  cos  (to  + +  ^n  cos  On  )  —  L.  (3) 

4.  Correction  for  Sag. — The  curve  of  the  tape  would  be  a  catenary  if 
it  had  no  rigidity,  but  the  bending  over  the  supports  throws  it  into  a 
sinuous  line.  As  the  sag  is  very  small  compared  to  the  distance  between 
supports,  we  may  call  the  curve  a  ])arabola.  Then  taking  moments  about 
a  point  of  support,  we  have  the  pull  on  the  tape  into  the  sag  is  equal  to 
the  weight  of  the  tape  over  half  the  span  into  the  distance  to  its  centre 
of  gravity,  or  i  the  span,  or  if  iv  =  weight  of  tape  per  unit  of  length 

cl  =  distance  between  supports. 
P  =  puU. 
V  =  sag. 

*  This  was  the  coefficient  of  expansion  found  for  the  300-foot  steel  tape  which  the 
■writer  tes'ed.    It  had  best  be  determined,  however,  for  each  individual  tape. 
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Then   Pv  =  '^  .  f  =  ^ 
2       4  8 

w  d^ 
or  V  = 


8  P 

I         8   U"      \ 
Now  tlie  length  of  a  parabolic  curve  isZ  =  d(14--^^+| 

Substituting  for  v  its  value  from  the  preceding:  equation,  we  have 

If  tlie  exc3ss  in  length  of  the  curve  over  the  linear  distance   be   the- 
correction  for  sag.  we  have 

This  being  the  correction  for  one  sag,  if  the  supports  are  a  uniform  dis- 
tance apart,  then  the  number  of  such  sags  is    ~,  and  hence  the  correc- 

d 
tion  for  sag  for  the  entire  line  is  : 

d   fw  dy^L  L  fw  d 


^^  ~  2l[  P  j    (i     ~  34  y  p 

EXPERIMENTS  TO  DETERMINE   FRI'JTIONAL   RESISTANCES  OF 
RAILWAY  TRAINS. 


By  C.  H.  Hudsjn,  Member  of  the  Western  Sooietv  of  Engineers. 
(Read  December  1,  1885  ] 


This  paper  is  descriptive  of  a  series  of  experiments  made  by  the  writer 
a  few  years  ago  for  the  purpose  of  furnishing  some  evidence  in  a  pend- 
ing lawsuit  between  two  railroad  companies.  The  questions  studied 
were  the  resistances  of  the  trains  and  the  powers  of  the  engines.  The 
subject  was  not  a  new  one,  the  ground  having  been  gone  over  many 
times  ;  but  possibly  the  treatment  of  it  in  this  case  may  vary  somewhat 
from  other  methods  as  shown  by  published  records.  The  means  adopted 
were  such  as  we  deemed  best  to  furnish  us  with  the  information  needed 
at  the  time,  and,  though  somewhat  crude,  the  end  was  attained.  The 
experiments  themselves  were  not  as  extended  or  varied  as  they  probably 
would  have  been,  had  any  other  use  been  expected  of  them.  Those  re- 
lating to  the  resistance  consisted  in  ascertaining  in  what  time  and  dis 
tance  a  train  of  a  given  weight,  and  moving  at  a  known  speed  upon 
given  grades,  would  stop,  and  from  the  data  obtained  we  have  made  our 
calculations. 

The  time  was  measured  by  watches  usually  used  for  timing  horses, 
and  to  be  sure  that  no  mistakes  were  made  they  were  in  the  hands  of 
several  people,  so  that  in  no  case  did  less  than  two  people  observe  the 
times  taken.  Distances  were  accurately  measured  in  the  usual  way. 
No  special  pains  were  taken  to  select  engines  or  cars  in  good  order.  The 
latter  were  taken  from  the  side  track  as  they  chanced  to  stand,  loaded 
with  coal,  and  accurate  weights  taken.  The  engines  in  the  same  way 
were  taken  as  they  came,  and  were  at  liberty  ;  but  they  were  in  good 
condition,  and  of  the  ordinary  "American"  type,  of  dimensions  here, 
after  shown.     The  cars  were  ordinary  flat-bottomed  coal  cars  or  gondolas,. 
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witli  thirty-three  inch  wheels,  three  and  one-half  by  six  and  one  Iralf 
journal,  brass  bearings,  and  lubricatec^  with  black  oil  of  rather  inferior 
quality. 

The  dimensions  and  weights  of  the  engines  as  used,  and  of  tlie  cars, 
with  their  loads,  are  as  follows  : 

Engine  No.  48. — Cylinders,  17  in.  diameter,  24  in.  stroke  ;  driving 
wheals, 62  in.  diameter,  four  coupled,  with  four-wheel  truck.  "American" 
style  ;  tender  on  two  four-wheeled  trucks.  Weight  of  engine  on  trucks, 
27,450  lbs.  (as  it  came  in  from  the  road  with  about  three-fourths  tank 
water  and  one-half  tank  of  coal) :  weight  on  driving  wheels,  46,H()0  11)S. ; 
total  weight,  73,750  lbs.;  tender  three-fourths  full  of  water  and  one-half 
full  of  coal,  40.900  lbs. 

Engine  No.  47. — Same  as  48. 

Engine  No.  63. — Cylinders,  17  in  diameter,  24  in.  stroke  ;  driving 
wheels.  58  in.  diameter,  four  coupled  with  four-wheeled  truck  :  tender 
on  two  trucks,  four  wheels  each  :  weight  engine  truck,  light,  23. 740 lbs.; 
3  gauges  water,  26,557  lbs. ;  weight  on  drivers,  light.  40,960  lbs. ;  3  gauges 
water,  46,563  lbs.;  total  weight,  light,  64,700  lbs.;  3  gauges  water,  73,120 
lbs.;  tender  weight,  light,  23.100  lbs.;  full  of  water,  42,200  lbs.;  full  of 
water  and  4J  tons  coal,  51,200  lbs. 

POSITION   IN    TRAIN    AND    WEIGHT   OF   CARS    USED   IN  EXPERIMENTS,    NUMBERING 

FROM   SOUTH   END.  GrOSS 

Position.  Number.  weight. 

1 ,'^,057  47.700 

2 2.315  47.900 

3 167  47,100 

4 2.189  50.700 

5  987  48.200 

6 2.0B1  48,200 

7 2,015  49,700 

8 405  47,700 

9 2,165  48,000 

10 203  44,900 

11  285  48,600 

12 977  47,400 

13 855  48,900 

14... 2,103  48,800 

15 205  .5a,400 

16 2,049  43..500 

17 523  48,200 

18 2,073  47,800 

19 493  47,700 

20 383  47,100 

21 907  48,000 

22 677  44,000 

23 2,171  49,100 

24  ,  2,287  48.000 

25  30.5        48..500 

26 495        49,000 

27  311        51,200 

28  2  295        51,000 

29  ....  351  49.400 
30 2,025        47,600 

Experiment  1. 

Engine  48,  weight  73,750  lbs. 

Tender,  "       40,900     " 

15  cars  (1  to  15.  inclusive),  weight 727,200 


Total  841,850  lbs. 

Length  of  train,  including  engine 533  ft. 
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Train  got  under  motion  on  level  and  steam  shut  off  at  foot  of  53.8  up 
grade,  on  tangent. 

8peed  measured  by  time  taken  to  pass  a  base  line  400  ft.  long  : 

Seconds  passing  base. . .     23.35  I  Speed  per  hour 11.70  mis. 

Speed  per  second 17.17  ft.    i  Train  ran  by  moment'm  538       ft. 

"      "    minute 1,028        '*      |  Time  used  (estimated). .     63        sec. 

Very  light  wind  on  right  side  nearly  at  right  angles  to  train. 

Unfortunately  in  the  first  six  experiments  no  note  was  taken  of  actual 

time  used  in  the  stop,  and  we  have  to  estimate  it.      We  do  this  on  the 

theorj^  that  the  retarding  force  is  constant  (probably  not  exactly  true  in 

this  case). 

2S 
We  use  the  formula  T  =  Tt'  i'l  which  T  =  time  ;  S  =  space,  and  V  = 

1,076 
velocity  at  time  steam  is  shut  off.     This  gives  T  =  ^„  -.-,  =  63.     The  esti- 
mated times  mentioned  hereafter  are  calculated  in  this  way. 

Now,  to  estimate  the  resistance,  which  is  the  retarding  force,  we  will 
again  assume  that  it  is  constant.  This  would  be  true  if  the  train  was 
all  on  the  52.8  grade  ;  but  in  fact  it  commences  to  enter  that  grade  just 
when  steam  is  shut  off  and  when  the  train  is  on  a  level.  We  take  V  = 
velocity  =  17.17  ;  fif  =  space  run  =  538  ;  T  =  time  (estimated)  =  63.  As 
our  three  items  do  not  exactly  correspond,  we  shall  not  get  an  exact  re- 
sult, but  will  take  the  three  formulas  for  the  momentum  at  end  of  first 
second  (working  from  the  other  end,  and  supposing  that  our  body  moves 
from  a  stand  with  increased  velocity  till  it  reaches  that  at  which,  in  our 
experiments,  we  start): 

F- 
First  F.,  momentum  =  ^—  =  .'27399 

Second  F.,  ='^'  =  .'27110 

Third  F.,  =^^=.27270 

.81779 
Average,  .27259 

The  momentum  of  a  body  in  a  uniformly  accelerated  motion  at  the 
end  of  the  first  second  varies  as  the  velocity,  and  the  velocity  varies  as 
the  power  causing  the  velocity  or  motion.  In  case  of  a  body  affected  by 
gravity  we  have,  the  power  (weight  of  body)  =  1,  and  momentum  32. 

In  the  case  of  our  experiments  we  have  the  momentum  .27259.  Upon 
the  basis  of  above  relations  we  can  take  the  following  proportions  : 
1  :  32  :  :  .T  :  .27259,  x  being  the  measure  of  amount  of  force  causing  the 
acceleration  (or  retarding),  which  gives  =  .27259. 

Reduce  and  we  have  a;  =  .008519.  Now  for  one  ton  we  have  .008519 
X  2000  =  17.038,  which  gives  the  resistance  per  ton  causing  the  train  to 
stop,  providing  the  force  acted  uniformly. 

As  a  matter  of  fact,  the  train  all  stood  on  a  level  save  the  engine  itself  ; 
the  tender  was  on  the  level. 

The  movement  was  538  ft.,  and  gravity  affected  the  engine  during 
the  entire  movement,  and  the  tender  all  but  its  length,  and  so  on. 
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Below  find  a  tal>le  showing  the  weights  of  engines,  tenders  and  cars, 
in  tons,  with  tlie  distame  tliey  moved  on  the  52.8  grade,  wliere  gravity 
would  retard  the  movement  at  20  lbs.  per  ton. 

Column  1  shows  engine  and  cars  as  in  train.  Column  3  shows  weights 
in  tons.  Column  3  shows  distance  moved  on  53.8  grades.  Column  4 
shows  weight  multiplied  by  distance. 

1.  2. 

Eu--ine 36.9 

Toueler 20A 

1 23.9 

2 23.9 

3 23.6 

4 25.3 

5 24.1 

6 24.1 

7 24.8 

8 23.9 

9 24.0 

10 22.5 

11 24.3 

12 23.7 

13 24.4 

14 24.4 

15 26.7 


J  20. 9 


3. 

4. 

538  ft. 

19,852.2 

518  " 

10,.->(;7.2 

486  " 

11,615.4 

454  '' 

10,850.6 

422  " 

9,959.2 

390  " 

9,867.0 

358  " 

8,627.8 

326  " 

7,856.6 

294  " 

7,291.2 

2(52  " 

6,261.8 

230  " 

5,520.0 

198  " 

4,455.0 

166  " 

4,033.8 

134  " 

3,175.8 

102  " 

2,488.8 

70  " 

1,708.0 

38  " 

1,014.6 

125,145.0 

135,145  X  20  lbs.  (due  gravity)  =  2,502,900. 

Now,  our  estimated  resistance  to  the  ton,  as  given  (p.  46),  was  17.038 
lbs.  per  ton. 

17.038  X  420.9  (weight  of  train)  X  538  ft.  (distance   moved) 3,858,144 

From  which  deduct  amt.  due  gravity 2,502,900 


We  have 1,356,244 

divide  by  538  (distance  moved)  we  have  2,519.04  ;  again  divide  by  420  9 
(total  tons)  we  have  5.984  lbs.  for  the  resistance  due  other  causes  than 
gi'avity. 

Experiment  2. — Same  train,  place  and  conditions. 


Time  passing  base     28.9  sec. 

Speed  per  sec 13.83  ft. 

Speed  per  min 830  ft. 


Speed  per  hour 9.43    m. 

Distance  run 403  ft. 

Time  (estimated) 58.3 

2S 
As  before,  F=  13.83  S  =  403  T=  y  =  58.3  (estimated). 


Then, 


--  2S  - 

.2373 

F  —   rpi    — 

.2371 

V 

.2373 

Average, 

.2373 

As  before,  1  :  32  :  :  x  :  .2372,  and  x  =  .0074125,  or  per  ton  .0074123  X 
2000  =  14.825. 
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Tons. 

Engine  36.9 

Tender 20A 

1              23.9 

o                                        23.9 

3 23.6 

4 25.3 

5 24.1 

6 24.1 

7                              24.8 


OH. 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 


23.9 
24.0 
22.5 

24.3 
23.7 
24.4 
24.4 

26.7 

420.9 


Distance  on 

5P-  8  grade.     Ft. 

403 

383 

351 

319 

287 

255 

2S3 

191 

159 

127 

95 

63 

31 

0 

0 

0 

0 


Tons  X 
distance. 
1,4870.7 
7.813.2 
8,388.9 
7,624. 1 
6,773.2 
6,451.5 
5,374.3 
4,603. 1 
3,943.2 
3,035.3 
2,280.0 
1,417.5 
753.3 


73,328.3  X  20  (effect  of  gravity  on  52.8  grade) 


73,328.3 
.1,466.566 


420.9  (tons)  X  403  (distance)  X  14.825 
Subtract  amount  due  gravity 


We  have 

Divide  by  403  (distance) 

Divide  again  by  420.9  (tons) 

equals  resistance  from  all  otljer  sources  besides  gravity. 
Experiment  3. — Same  train,  place  and  conditions  : 


.2,514,656 
.1,466,566 

.1,048,090 

.  2.600.72 

6.45 


Time  passing  base 40  sec. 

Speed  per  second  10  ft. 

Speed  per  minute 600  " 

2S 
V 


As  before,        F  =  10 


T  = 


Speed  per  hour 

Distance  run 

Time  used  (estimated) . 

=  47  sec. 


.6.81  m. 
.  234  ft. 

.    47  sec. 


And  again 


F  =  l^  =  .21361 


F  =  ^  =  .21180 


F^ 


J,, 

V 


.21256 


Average,  .21269 
As  before,    1  :  32  :  :  x 
2000  =  13.39  lbs. 


.21369. 


Tons. 

Engine 36.9 

Tendd- 20.4 

1 23.9 

2 23.9 

3 23.6 

4 25.3 

5 24.1 


,  or  per 

ton  = 

.0066465  X 

Distance 

on 

Tons   X 

grade. 

Ft. 

distance. 

234 

8,634.6 

204 

4,161.6 

172 

4,110.8 

140 

3,346.0 

108 

2,548.8 

76 

1,922.8 

44 

1,060.4 
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Tons. 
24.1 


DistaiKo  on 

guulc.     Ft. 

12 


Tons   X 

distance. 

289.3 


8 I 

9 I 

10 I 

11 1    (as  before. 

12 j 

13 I 

14 I 

15 I 


420.9 


26,074.2 


26,074.2  X  20  (effect  of  gravity) 521,484 

420.9  (tons)  X  13.39  (estimated  raomentuni)  X  234  (distance) 1,318,789 


Due  other  resistance  than  gravity 797,305 

Divide  by  234  (distance) 3.407.3 

Divide  again  by  420.9  (tons) >-.09 

equals  resistance  per  ton  other  than  gravity. 

Experiment  4. — Same  train,  place  and  conditions. 

Time  passing  base 35.4  sec.  i  Speed  per  hour 7.70  m. 

Speed  per  second 11.3    ft.  I  Distance  run 316  ft. 

Speed  per  minute 678    ft.   I  Time  used  (estimated). .      56  sec. 

As  before,  V     =11.3        S  =  316  feet        T  =  5Q  seconds. 

2S 


F  = 


=  .20204 


F 
F 

1 

s. 

Av 
:32 

2S   _ 

V 

erage, 
:   :  X 

.20153 
.20178 

c  =  .006306, 

Tons. 
3().9 
20.4 
23.9 
23.9 
23.6 
25.3 
24.1 
24.1 
24.8 
23.9 
24.1 

.  (as  before.) 

Then. 
12.61  lb 

Engine . 
Tender. 

1 

o 

.60535 
.20179 
:  .20179.     . 

or  per  ton.  .006306  X  2000  = 

Distance  on                   Tons  x 
grade.     Ft.              di-stance. 
316                         8,500.4 
296                        6,038.4 
264                        6,309.6 
2.32                        5,544.8 

3  . .    . . 

200                        4,720.0 

4 

168                        4,250.4 
136                       3,277.6 

6 

7 

8 

9 

10 

11 

12 

104                        2,506.4 

72                         1,785.6 

40                            956.0 

8                            192.8 

13 

14 

15 

420.9 


44.082.0 
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44,0S2  X   20  (effect  of  gravity) 881,640 

420.9  (tons)  X  12.61  (estimated  resistance)  X    ;U6  (distance) 1,677,185 

Resistance  other  tlian  gravity 795,545 

Divide  by  3  6  (distance) 2,517  55 

Divide  by  420.9  (tons) 5.95  lbs. 

equals  resistance  other  than  gravity. 
Experiment  5. — Same  place,  tmie  and  conditions. 


Time  passing  base 25.6  sec. 

Speed  per  second 15.62  ft. 

Speed  per  minute 937.5     ft. 


Speed  per  hour 10.65  m. 

Distance  run 495  ft. 

Time  (estimated) 63  sec. 


Then,  F=  15.62        S  =  495        r=  63 


V  =  15.62 

.2464 

F-j,,- 

.2488 

F=^^  =  .2479 

.7431 

Average,      .2477 

Then,  1  :  32  :  :  a;  :  .2477.     x  =  .00771 ;  .00771  X  3,000  =  resistance  per 

ton  =  15.42  lbs. 

Distance  on  Tons   x 

Tons.                   grade.     Ft.  distance. 

Engine 33.9                         495  18,265.5 

Tender 20.4                          475  9,690.0 

1   23.9                           443  10,.587.7 

2 23.9                           411  9,822.9 

3 23  6                          379  8,944.4 

4 25.3                         337  8,526. 1 

5 24. 1                           305  7,.350.5 

6  24. 1                          273  6,579.3 

7 24.8                           241  5,976.8 

8 23.9                           209  4,995.1 

9 24.0                           177  4,248.0 

10 22.5                           145  3,262.5 

11  24.3                          113  2,745.9 

12 23.7                            81  1,919.7 

13 24.4                            49  1,195.6 

14 21.4                             17  414.8 

15 23.7  0  

423.9  104,524.8 

104,534.8  X  20 2,090,496 

420.9  (tons)  X  495  ft.  X  15.42 ". . .  3,213.687 

Dhc  other  than  gravity ...  1,122,191 

Divide  by  495 22,669 

Divide  again  by  420.9 ...    5.38  Ihs. 

resistance  per  ton  other  than  gravity. 

Experiment  6.— Same  train  and  time.  Train  entirely  upon  a  52. 8  grade, 

but  engine  at  beginning  of  2  degree  curve  to  rigiit  when  shut  off,  train 
on  straiglit  line. 


Distance  run 321  ft. 

Time  (estimated)  39  sec. 
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Time  passing    base    (300  |  Speed  per  hour  11.33  in. 

ft.) 18.10  sec 

Speed  per  second 16.57  ft. 

Speed  per  minute 994  ft. 

V=  16.57  S    =  331  r=  39 

F  =  2^-  =  .43767 

oo 
-F  =  ^  =  .43808 


V 
f 


F=^   -  .42487 


1.27463 
Average.    .43484 

Then,  1  :  32  :  :  a-:. 43484.  x  =  .013377  ;  per  ton  =  .013377  X  3000  = 
26.554  lbs.  As  whole  train  was  on  52.8  grade,  the  resistance  due  gravity 
=  20  lbs. ;  resistance  other  than  due  gravity,  6.554  lbs. 

Experiment  8. — The  trial  was  made  upon  level  and  straight  track. 
Track  was  in  fair  condition,  iron  rail  put  up  with  sand  (as  was  the 
track  where  all  these  experiments  have  been  made).  The  joints  were 
down  somewhat,  and  the  whole  bed  was  much  more  elastic  than  if  put 
up  with  coarse  gravel  or  stone.     Engine  47.     Cars,  16  to  30  inclusive. 


Speed  per  min 1,059  ft. 

Speed  per  hr 13.08  m. 


Baseline 300  ft. 

Time  passing  base 17  sec. 

Speed  per  sec 17.65  ft. 

Distance  run 1,500  ft. 

When  engine  struck  down  grade,  train  w^as  then  running  at  speed  per 
second,  8.10  ft.;  per  minute,  486  ft.;  per  hour,  5.53  miles.  Light  wind 
on  right-hand  side  and  a  little  in  rear.     Train  going  north. 

Now  to  estimate  the  time  : 

T,  the  train  is  in  passing  the  1,500  ft. 

8.1  T  =  the  space  passed  due  the  velocity  at  end;  and  1,500  —  8.1  T  = 
the  space  due  the  retarded  velocity. 

Then 

9.55 

Reduce  and  T  =  116.5. 
We  before  had  5  =  1,500  —  8.1  T  =  1,112.7 
V  =  9.55. 


Then, 

F=|f  =  .08368. 

F=^=    .08368. 

Average,  .08311. 
Then,  1  :  33  :  :  a;  :  .08311.    x  = 

.0035973 

=  resistance  per  ton. 

.0025973    X  2,000  =5.194  Ibe. 


Run 1,272  ft. 

Time     (estimated)     going 
north 221   sec. 
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Experiment  9. — Same  time,  place  and  conditions. 
Time  passing  base  (300).    26.1    sec 

Speed  per  second 11.48  ft. 

"Speed  per  minute. 689        " 

Speed  per  hour 7.82  m. 

V  =  11.48  S  =  1,272  ft.  T  =  (est.)  221  sec 

F  =  2I  =  .0518 

25' 
F=jr=   .0521 

V 
F  =  ~j,=  .0519 


.1558 
Average,  .05193 
Tlien   1  :  32  :  :  ar :  .05193.     x  =  .001623;  for  one    ton    .001623  X  2,000 
=  3.246  lbs.  =  the  resistance  per  ton. 

Experiment  10. — At  same  place  as  8  and  9.     Engine  63,  weight  60  tons  ; 
cars  16  to  30,  weight  360  tons  ;  total,  420  tons  ;  length  of  train,  533  feet. 


Time  passing  base  (300) 30.4  sec 

Speed  per  second  9.87  ft 

Speed  per  minute 592 


Speed  per  hour 6.73  m. 

Run  north 1,013  ft. 

Time,  actual 185.5  sec. 


Time  estimated  as  205  seconds.    Light  wind  on  side  and  toward  rear. 
F  -  9.87  S  =  1,013  T  (actual)  =  185.5  seconds. 

F  =  .,^  rr  .04852 

2^ 
F  =  Y2  =  -05888 

V 
F  =  J,   =    .0532 

1.16061 

Average,  0.5353 

1  :  32  : :  a;  :  .05353.  x  =  .001673  ;  for  1  ton  =  .001673  X  2,000  =  3.346 
lbs.  =  resistance  per  ton. 

Experiment  11. — Same  place,  time  and  train.  Same  conditions,  except 
that  train  moved  south  over  same  ground,  the  engine  being  in  rear  and 
same  light  wind  tending  to  retard,  if  enough  in  rear  (front)  to  have  any 
effect. 

Time  passing  base  (300). .  33.8    sec.    Run 592  ft. 

Speed  per  second 8.87  ft.     Time,  actual ..132.5  sec. 

Speed  per  minute 532.2    "  "      estimated 133.5    " 

Speed  per  hour 6.04  m. 

V  =  8.87        Sr  =  592        T  =  132.5 
F" 


^=  2S  = 

.06645 

_  2S 
F  =  -^  = 

.06744 

F--   - 
F-.j,- 

.06694 

.20063 

Average, 

.06668 
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1  :  33  :  :  .r  :  .06688.     x  =  .00:20!)  ;  per  ton  =  .00309  X  -\000  =  4.18  ll).s. 
=  resistance  per  ton. 

Experiment  12. — Same  time,  place,  train  and  conditions,  excei)t  run, 
which  was  north,  as  in  10. 
Time  passing  base  (300  i  Speed  per  iiour 7.57    miles, 

feet) 27        sec.  j  Run 1079     ft. 


Sjieed  per  second 11.11     ft. 

Speed  per  minute 666.66     " 


Time 182.4 

Time  (estimated) 194.2 


sec. 


F=  11.11        5  =  1,079        2'=  182.4. 


F* 
^-  2S  - 

.0573 

F      ^^ 

.0648 

V 
F=^     = 

.0609 

.1829 

Average,  .061 

1  :  32  :  :  a;  :  .061.      x    =  .001906;  per  ton  =   .001906   X   2,000  =  3.81 
lbs   =  resistance  per  ton. 
Mem. — Had  estimated  time  been  used  we  would  have  3.58. 

Evperiment  13. — Same  place,  time  and  train.     Run  south. 


Time  passing  base 26.8  sec 

Speed  per  second 11.19  ft. 

Speed  per  minute 671.4   " 

Speed  per  hour 7.63  m. 

V  =  11.19         <S  =  925  T  =  166.4. 

F  =  ^=  .06768 

F  =  ^^  =  .06681 

F=^=     .06725 
T 


Run 925  ft. 

Time  166.4  sec. 

"   (estimated) 165.3    *' 


.20174 
Average,  .06725 

1  :  32  :  :  a;  :  .06735.  x  =  .0021016  ;  for  one  ton,  .0021016  X  2,000  =  4.20 
lbs. 

Experiment  14. — On  low  grade.  Same  train  as  in  13.  Running 
north.  Base  line,  200  ft.  From  south  end  of  base  line  grade  is  .377 
per  100  ft.  on  an  average  =  19.905  ft.  per  mile.  Back  of  south  end  of 
base  line  is  level. 


Time  passing  base  (200  f  t. )    11.3  sec, 

Speed  per  sec 17.86  ft. 

Speed  per  min ..1,071.4    " 

Speed  per  hour 12.17  " 

Wind  on  right  side  light,  and  a  little  in  front. 


Run 847ft. 

Time 104  sec. 

"     (estimated) 94.3   " 
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To  get  at  the  average  resistance  on  the  basis  of  a  uniform  retardation 
as  in  the  first  experiments,  we  have  : 
S  =  847        T=  104 

"  =  .1883 


V  =  17.86 
F  = 


2S 
2S 


F=^  =  .1566 


V 


=    .1717 


Average, 

1  :  32  : :  a;  :  .1732 


.5166 
.1722 
X  = .005381 


Train.  Tons. 

Engine .36.6 

Tender 23.4 

Cars  30 23.8 

"    29 24.7 

"    28 25. .5 

"    27 25.6 

"    26 24.5 

"    25 24.2 

"    24 24.0 

"    23 24.6 

"    22 22.0 

"    21 24.0 

"    20 23.5 

"     19 23.9 

"     18 23.9 

"     17 24.1 

"     16 21.8 


per  ton,  .005381  X  2,000 

Distance  on 

grade. 

847  ~ 

847 

847 

847 

847 

847 

847 

835' 

803 

781 

749 

717 

685 

653 

621 

589 

557 


10.76  lbs. 
Tons   X  dis- 
tance. 


156,779.7 


20,207.0 
19,272.0 
19,212.6 
16,478.0 
17,208.0 
16,097.5 
15,606.7 
14,841.9 
14,194.9 
12,142.6 


420.1  322,040.9 

322,040.9  X  7.54  (due  gravity) 2,428,188.886 

Now  take  the  estimated  resistance  per  ton  above,  and  the 
weight  420.1  X  10.76  X  847  (distance) 3,828,673.772 

Other  than  gravity 1.400,485.386 

Divide  by  847  (distance) 1,653.406 

Divide  again  by  20.1  (tons),  we  have 3.935  lbs. 

equals  resistance  other  than  gravity. 

Experiment  15. — Same  time,  place  and  train.     Light  wind  in  front  and 
right  side. 


Time  passing  base  (200) 8. 2  sec. 

Speed  per  second 24.39  ft. 

Speed  per  minute 1,463.4  " 

Speed  per  hour 16.63  m. 

V  =  24.39  S  =  1,982 


As  before, 
F  = 


Run 1,983  ft. 

Time 148.5  sec. 

"     (estimated) 121  " 


148.5. 


F  = 


2S 
2S 
T* 

V 

T 


=  .15008 


F=    ±^.  =  .17976 


=  .16424 


Average, 


.49408 
.16469 
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1  :  32  :  :  a- :  .164G9.  x  =  .0051465;  per  ton  =  .0051405  X  2,000  =  10.293 
lbs.,  equals  total  resistance  per  ton,  ?/  resistance  were  constant.  The 
grade  for  1,000  ft.  from  north  end  of  base  line  was,  as  before,  .377  i)er 
100  ft.,  and  beyond  that  was  level,  as  in  14. 


Train.  Tons. 

Engine H(i.O 

Tender 2BA 


30. 
29. 

28. 
27. 
2C.. 
25. 
24. 
23. 
22 
21! 
20. 
19. 
18. 
17. 
16. 


23.8 
24.7 
25.5 
25.6 
24.5 
24.3 
24.0 
24.6 
22.0 
24.0 
23.5 
23.9 
23.9 
24.1 
21.8 


Distance  on 
grade. 
1,000 
1,020 
1,052 
1,084 
1,116 
1,148 
1,180 
1,2001 
1,200 
1,200 
1,200 
1,200 
1,200  ■ 
1,200 
1,200 
1,200 
1,200 


Tons  X 
di.stance. 
36,600.0 
23,8(58.0 
25,037.6 
26,774.8 
28,458.0 
29,:^8.8 
26,460.0 


283,200.0 


420.1  479,787.2 

479.787.2  X  7.54  (due  gravity) 3,617,595.488 

As  before, 
420.1  (tons)  X  10.293  (est.  resistance)  X  1,982 8,570,344.993 


4,952,749.505 

Divide  by  1.982  (distance)  2,498,864 

Divide  by  420.1  (tons)  5.948  lbs. 

resistance  per  ton  other  tlian  gravity. 

Experiment  16.— Same  time,  train  and  conditions  as  last.     Light  wind 
in  front  and  right  side. 


Time     passing    base 

(200) 11.4    sec. 

Speed  per  second 17.54  ft. 

Speed  per  minute 1.052.6  '' 


Speed  per  hour 11.96  m. 

Run 870       ft. 

Time 103       sec. 

"     (estimated) 99 


As  before,   V   =17.54 

V2 


S  =  870 


T  =  103. 


F  = 


F  = 


2S 
2_S 

V 


^-T      = 


.17681 
.16401 
.17029 


.51111 
Average,  .17037 
1  :  32  :  :  .r  :  .17037.     x  =  .005324 ; 
resistance  if  regularly  applied. 

Train .  Tons. 

Engine  36.6 

Tender 23.4 

30 23.8 

29 24.7 

28 25.5 

27 25.6 

26 24.5 


,005324  X  2,000  =  10.648  =  estimated 


Distance  on 

Tons    X 

grade. 

distance. 

870 

870 

870 

870 

160.167.0 

870 

870 

870  J 
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Train. 


25. 
24. 
23. 


Tons 
24.2 
24.0 
24.6 


21. 
20. 
19. 
18. 
17. 
16. 


22.0 
24.0 
23.5 
23.9 
23.9 
,  24.1 
21.8 

420.1 


Distance  on 
grade. 
838 
806 
774 
742 
710 
678 
646 
614 
582 
550 


324,258.3  X  7.54  (due  gravity) 

As  before, 
420.1  (wt.)  X  10.648  (est.  resist.)  X  870  (dist.). 


Leaving  a  resistance  other  than  gravity 

Divide  by  870  (distance) 

Divide  by  420.1  (tons) 

equals  resistance  per  ton  other  than  due  gravity. 
Experiment  17.— Same  train,  time  and  conditions: 

Time  passing  base 12.8     sec. 

Speed  per  second 15.62  ft. 

Speed  per  minute 937.5     " 

Speed  per  hour 10.05  m. 


Tons  X 
distance. 
20,279.6 
19,344.0 
19,040.4 
16,324.0 
17,040.0 
15,933.0 
15,439.4 
14,674.6 
14,026.2 
11,990.0 

324,258.2 
.2,444,906.828 

3,891,705.576 

1,446,798.748 

1,662.987 

..      3.878  lbs. 


Run. , 
Time 


670    ft. 
93  sec. 


(estimated) . 


V  =  15.62 

F= = 

2S 

2S_ 
T~~ 
V 
T 


F=  - 


S  =  670 
.18207 


.15496 


T=  93. 


w  =      .16796 


.50499 
Average,    .16833 
1  :  32  :  :  .-c  :  .16833.    x  =  .00526  ;  .00526  X  2,000 
constant  resistance. 


Train.  Tons. 

Engine 36.6 

Tender 23.4 


:  10.52  lbs.  =  estimated 


30. 
29. 
28. 
27. 
26. 
25. 
24. 
23 
22. 
21. 
20. 
19. 
18. 
17 
16. 


23.8 
24.7 
25.5 
25.6 
24.5 
24.2 
24.0 
24.6 
22.0 
24.0 
23.5 
23.9 
23.9 
24.1 
21.8 

420.1 


Dist.  on         Tons  x 

grade. 

distance. 

6701 

670 

670 

670 

y                   123,950.0 

670 

670 

670 

638 

15,439.6 

606 

14,544.0 

574 

14,120.4 

542 

11,924.0 

510 

12,240.0 

478 

11,233.0 

446 

10.6.59.4 

414 

9,894.6 

382 

9,206.2 

850 

7,630.0 

240,841.2 
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240,841.3  X  7.54  (due  gravity) 1,815,942.648 

As  before, 
420.1  (tons)  X  10.52  (est.  resist.)  X  670  (dist.) 2.961,0.12.S40 

Resistauce  other  tlian  gravity 1,145,11)0. 192 

Divide  by  670  (distance) 1,709.239 

Divide  by  420. 1  (tons) 4.068  lbs. 

resistance  other  tiian  duegravit3^ 

Kr/HT/^ic/zMS.— Same  train,  place  and  conditions.  Wind  as  in  last, 
about  three  miles  or,  perhaps,  more  per  hour  on  right  hand  and  well 
ahead. 

Time  passing  base  (200) 25.6  sec.    Run 191     ft. 

Speed  per  second 7.81ft.    Time 53  see. 

Speed  per  minute 468.7    "         "    estimated 49    " 

Speed  per  hoiu- 5.32  m.    I 

V  =  7.81        N  =191         T=  53 


F  = 


2S 


.1360 


F  ^   V^  .1474 

.4426 
Average,     .1475 
1 :  32  :  :  .r  :  .1475.     x  ■. 
constant  resistance. 


Traiu.  Tous. 

Eng-ue 36.6 

Tender 23.4 

30 23.8 

39 24.7 

28 25.5 

27 25.6 

26 24.5 

25 24.2 

24 24.0 

23 24.6 

oo 22 . 0 


21. 
20. 
19. 
18. 
17. 
16. 


24.0 
23.5 
23.9 
23.9 
24.1 
21.8 

420.1 


=  9.22 

lbs.  = 

=  estimated 

Distance 

Tons  X 

on  grade. 

distance. 

191] 

191 

191 

191 

^ 

35,163.1 

191 

191 

191 

159 

3,847  8 

127 

3,048.0 

95 

2,337.0 

63 

1,386.0 

31 

744.0 

46,525.9  X  7.54  (due  gravity) 

420.1  X  9.23  (est.  resist.)  X  191  (distance). 


46,525.9 

350,805.286 
739,804.502 


Resistance  other  than  gravity 488.999.216 

Divide  by  191  (distance) 2,r)60.206 

Divide  by  420.1  (tons) 6.094  lbs. 

resistance  per  ton  other  than  gravity. 
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Experiment  19.— Same  train,  etc. 

Wiiul  a  little  stronger  each  time;  three  miles  an  hour  at  least. 


Run 179  ft. 

Time 51  sec. 

"(estimated)  49    " 


Time  passmg  base 26.6  sec. 

Speed    per    second 7.51ft. 

Speed  per  minute 450.14  " 

Speed  per  hour 5.11  m. 

F=7.51        S  =  179        r=i51. 

F=  2^  =  .15754 

2S 
F=  f7,  =  .13755 

F  =  -^  =  .14675 

Average,    .14711 
1  :  32  :  :  x  :  .14711.  x  =  .004597;  .004597  x  2.000  =  9.094  lbs.  =  estimated 

resistance  if  constant.                                                Distance  on  Tous  x 

Train.                                                  Tons.  grade.  distance. 

Engine. ii6  6  179  i 

Tender 23.4  179  1 

30 S3.8  179  1 

29                               24.7  179  I                      33,953.9 

28 '.'.'.'.'. 25.5  179  1 

27                  ■    25.6  179  | 

26.' .■.".■ 24.5  179  J 

25                  24.3  147                           3,557.4 

24               34.0  115                           3,760.0 

2-S               34.6  83                           3,041.8 

23"       '            33.0  51                           1,133.0 

21        24.0  19                              456.0 

20 23.5 

19    2R.9 

18 23.9 

17 24.1 

16 21.8 


430.1  43,891.1 

42,891.1  X  7.54  (due  gravity) 323,398.894 

420.1  X  9.094  (est.  resist.)  X  179  (dist.) 683,849.703 


360450.809 

Divide  by  179  (dist.). . .    2,013.687 

Divide  by  420.1  (tons)  4.793  lbs 

resistance  other  than  due  gravity  per  ton. 
Experiment  20.— Same  time,  train,  etc. 


Time  passing  base 20.8  sec. 

Speed  per  second 9.61  ft. 

Speed  per  minute  577    " 

Speed  per  hour 6.56  m. 

V  =  9.61        S  =  305        T  =  62. 
F« 

F=K^  =  .151397 


Run 305  ft. 

Time  62    sec. 

"     estimated 63      " 


2S 
2S 

I 
T 


2S 
F=  TFJ-  =  .158688 


V 
F=    -FiT  =  .155000 


.465085 
Average,       .155028 
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1  :  32  :  :  x  :  .155028. 
power  per  ton. 


X  —  9.689  lb>*.   =  estimated  constant    retarding 


Train. 

Engiue 

Tender 

30 

Tons. 

3»!.(5 

r23.4 

23  8 

29 

28 

27 

24.7 

25.5 

25  (> 

26 

25                        

24.5 

24.2 

24 

23 

22 

21 

20       

24.0 

24.G 

22.0 

24.0 

23.5 

19 

18 

IT 

23.9 

23.9 

24. 1 

IG 

21.8 

Distance  on 
grade. 
305  ^ 
305 
305 
305 
305 
305 
305 
273 
241 
219 
187 
155 
123 

91 

59 

27 


Tons    X 
distance. 


56,150.5 


6,606.0 
5,784.0 
5,387.4 
4,114.0 
3,720.0 
2,890.5 
2,174.9 
1,410.1 
650.7 


•      420.1  88,888.7 

88,888.7  X  7.54  (due  gravity) 670,220.798 

420.1  X  9.689  (estimated  resistance)  X  305  (distance) 1,241,456.414 


Total  resistance  due  other  than  gravity 571,235.616 

Divide  by  305  (distance) 1,872.903 

Divide  by  420.1  (tons) 4.458  lbs. 

equals  resistance  per  ton  other  than  gravity. 
Experiment  21. — Same  train,  time  and  conditions. 


Time  passing  base 17.6  sec 

Speed  per  sec 11.37  ft 

Speed  per  min 662        "* 

Speed  per  hour 7.73  m. 

F=  11.37        S  =  405         T  =  70. 
y2 


Run 405    ft. 

Time 70  sec. 

"    (estimated) 71    " 


F  = 


2S 


.1596 


„      2S 

F=  yS   =  .1653 


F-    ^ 

F-      rj. 


.1624 


,005107  X  2.000  =  10.214  lbs.   =  estim- 


Tous   X 
distance. 


.4873 
Average,     .16243 
1  :  32  ::  a;  :  .16243.  x  =  .005107; 
ated  constant  resistance  per  ton. 

Distance  on 

Train.  Tons.  grade. 

Engine 36.6  405 

Tender 23.4  405 

30 23.8  405 

29 24.7  405 

28 25.5  405 

27  .  25.6  405 

26 24.5  405, 

25 24.2  373 


74,560.6 


9,026.6 
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Distance  on  Tons    >c 

Train.                                               Tons.                       gi-ade.  distance. 

24               24.0                         341  8,184.0 

23    24.6                           309  7,601.4 

23               .             22.0                           277  6,094.0 

21         24.0                         245  5,880.0 

20 23  5                           213  5,005.5 

19      23.9                           181  4,325.9 

18 23.9                           149  3,561.1 

17 24.1                           117  2,819.7 

16             21.8                            85  1,853.0 


420.1  128,911.7 

128,911.7  X  7.54  (due  gravity) 971,994.218 

420.1  X  10.214  (est.  resist.)  X  405  (dist.)  1,737,815.067 

Resistance  other  than  gravity 765,820.849 

Divide  by  405  (distance) 1,644.002 

Divide  by  420.1  (tons) 3.913  lbs» 

resistance  per  ton  other  than  gravity. 
Experiment  22. — Same  train  and  conditions. 


Time  passing  base 16.4  sec. 

Speed  per  second 12.2  ft. 

Speed  per  minute 732  " 

Speed  per  hoiu-  8.3  m. 

F=12.2        ,S'  =  415        r  =  70.5 


Run 415  ft. 

Time 70.5  sec. 

"    (estimated) 68    " 


T72 

2^" 
2S 


=  .17932 


iT  =  —  =  .16703 


F=^=    .17305 


.51937 

Average,    .17312  i 

1  :  32  ::  cc  :  17312.    a-  =  .00541  ;  .00541  X  2,000  =  10.83  lbs.  =  estimated 
constant  resistance  per  ton. 

.  Dist.  on  Tons    x 

„  Train.                                                   Tons.  grade.  distance. 

Engine 36.G  415 ) 

Tender 23.4  415 

II 23.8  415 

29 24.7  415  I  76,401.5 

27 20.6  415 

2^2 24.5  415I 

2-7 24.2  383  9,268.6 

2| 24.0  351  8,424.0 

23 24.6  319  7,847.4 

a 22.0  287  6,314.0 

SA 24.0  255  6,120.0 

-r^ 23.5  223  5.240.5 

\l 23.9  191  4,564.9 

1° 23.9  159  3,800.1 

iJ 24.1  127  3,060.7 

^^ 21.8  95  2,071.0 

420.1  133,112.7 
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133,113.7  X  7.54  (due  gravity) l.OOa.GfiO.lfjS 

420.1  X  10.82  (ost.  resist.)  X  415  (dist.) 1.88G,37r).(»;J0 

Resistance  other  than  gravity 883,705.272 

Divide  by  415  (distance) 2,129.410 

Divideby  420.1  (tons) 5.068  Ibp. 

resistance  per  ton  other  than  due  gravity. 


SUMMARY  OF  EXPERIMENTS. 


Speed 
pr.  br. 

Started  on 

Run  on 

Dis- 
tance. 

Time. 

Est. 
ti  ne. 

Res. 

due 

gravity 

Other 
resist. 

No. 

Grade. 

Curve. 

Grade. 

Curve. 

1 

2 

3 

4 

11.70 
9  43 
6.81 
7.70 

10.65 

9.25 
11.33 

level, 
'sis'" 

52.8 

538  ft. 
403  " 
234  " 
316  " 
495  " 

63     sec. 

58.3  •• 
47      " 
56      '• 
63      " 

57.4  sec. 

20  lbs. 

20  Ihs. 
20  •' 

5  98 
6.45 
8  09 
o  95 

5 

5.38 

Av'ge. 
6 

■  52  ."S ' 

oo 

397  ft. 
321  " 

6.37 
6.55 

Speed 
per  hr. 

"l2.08 
7.82 
6.73 
6.04 
7.57 
7  63 

Started  on 

Run 

on 

Time. 

Dist. 
run. 

Resistance. 

No. 

Gr'de 

Cr've 

Gr"de 

Cr've 

Actual. 

Est'd. 

Gra'y 

Other 

8 
9 

Level 

Level 

116.5 

221 

205 

133.5 

194.2 

165.3 

1.500 
1,272 
1,013 

592 
1,079 

925 

"976 

5  19 

3.246 

3.346 

4.18 

3.81 

4.20 

3.995 
3.756 

10 
11 
12 
13 



lt<5.5 
132.5 
182.4 
166.4 

Ay'g. 

7.98 
7.16 

rn'g  atsp'd 
5.52  end  of 
1,500  feet. 

going  south. 


9  to  13 


14 
15 
16 
17 
18 
19 
20 
21 
oo 


12.17 

19.9 

104 

94.3 

847 

7.54 

3.935 

16.63 

148.5 

121 

1,982 

5.948 

1196 

103 

99 

870 

3.878 

10.65 

93 

86 

670 

4.068 

5.32 

3-5  I'i 

53 

49 

191 

6.094 

5.11 

2-5up 

51 

49 

179 

4.793 

6.56 

gr'de 

62 

63 

305 

4.458 

7.73 

19.9 

70 

71 

405 

3.913 

8.30 

70.5 

68 

415 

5.068 

9.38 

83.8 

«  *-.ii  90 

651.6 

7.54 

4.684 

4  408  ' 

Average  all  on  straight  line  1-5,  8-22 4.898 

No.  6  on  two  degrees  curve 6.55 


A  portion  of  the  resistance  other  than  gravity  in  these  experiments 
was  atmospheric  resistance,  partly  due  to  speed  of  trains  and  partly  due 
to  wind. 

In  experiments  1  to  6  and  8  and  9  the  wind  was  so  light  and  so  near 
riglit  angles  that  its  effect  could  hardly  be  estimated. 

In  10  and  12  it  was  on  the  rear  quarter,  30  or  40  degrees  from  the  line 
of  the  train  and  about  four  miles  per  hour. 

In  the  other  experiments,  when  it  is  mentioned  it  was  on  the  right  hand, 
30  to  40  degrees  from  dead  ahead,  and  estimated  about  four  miles  per 
hour. 

In  order  to  make  our  estimates  we  will  assume  that  the  pressure  per 
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square  foot  due  speed  is  as  laid  down  by  various  authorities  and  as  given 
below  : 

Pressure 
Speed  per  hour.  Velocity  per  sec,     per  sq.  ft. 


3 

3 

4 

4.4 

5.87 

5 

6               

7.83 

8.8 

7    .    . .     

10.25 

8 

11.75 

9 

13.2 

10                  14.67 

12 

15  . . 

20.5 

22 

16    

23.45 

18 

26.4 

.044 

.079 

.123 

.177 

.241 

.315 

.400 

.492 

.964 

1.107 

1.25 

1.55 

The  train  consisted  of  an  engine  and  fifteen  coal  cars,  loaded  as  high 
as  coal  could  well  be  piled  on. 

The  surface  presented  by  the  engine  we  estimated  to  be  about  64  square 
feet,  and  as  the  wind  was  at  an  angle,  it  took  effect  on  the  sides  of  the 
train  as  well  as  upon  the  ends  of  the  cars  w^hich  presented  a  surface,  and 
the  coal,  and  we  estimated  that  the  surface  so  acted  on  was  about  six 
square  feet  per  car.  This  would  make  the  whole  surface  154  square  feet, 
and  upon  this  surface  we  have  figured,  although  Mr.  Chanute  estimates 
that  the  additional  surface  for  each  oar  is  about  twenty  per  cent,  of 
the  first  surface  presented,  or  a  little  mox*e  than  twice  what  we  have 
taken.  If  he  is  right,  results  67  per  cent,  greater  than  we  show  would  be 
reached. 

As  we  do  not  wish  to  orer-estimate,  we  will  assume  our  figures  for  154 
square  feet  for  wind  pressure. 

The  wind  pressure  varies  as  the  square  of  the  velocity  ;  as  our  train 
moved  from  a  given  speed  to  a  stand  still  we  must  average  the  effect, 
which  would  be  as  the  average  of  the  square  of  the  various  speeds  during 
the  time — which  within  the  limits  of  our  experiments  would  be  substan- 
tially one-fourth  less  than  half  the  maximum  effect,  or  three-eighths  of 
the  maximum  effect  t.  e.,  maximum  pressure.  The  variation  from  this 
is  so  small  that  it  will  make  no  practical  difference  in  figures. 

On  this  basis  we  figure  as  follows  : 

EXPERIMENT    1. 

Pressure  of  wind 0 

"        due  maximum  speed , 964  lbs. 

Three-eighths  of  this 362  " 

154  sq.  ft.  X  .362  lbs.  pressure 55.748  lbs. 

Divide  by  420.1   tons  (wt.  of  train) 132  lbs. 

resistance  per  ton  due  atmospheric  causes. 

[In  the  same  way  the  writer  gets  the  atmospheric  resistance  for  each  of 
the  24  experiments.  It  is  not  thought  essential  to  print  the  calculations 
here.] 
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RESULTS   TABULATED. 


eries. 

Experi- 
ments. 

1 
2 

3 

4 
5 

Resistance 

other  than 

gravity. 

5.9s 

6.45 

8.09 

5.95 

5.38 

Atni(isj)heric 
resistance. 
.182 
.062 
.091 
.030 
.090 

Friction  and 
other  resistance. 
5.848 
6.388 
8.009 

5.920 
5.290 

..6.291 

6 

8 

9 

10 

11 
12 
13 

6.55 

5.190 
3.246 
3.346 
4.180 
3.810 
4.200 

.110 

.204 
.044 
.002 
.056 
.026 
.069 

(5.440  on  2°  curve 

4.986 
3.202 
3.344 

Average 

4.124 
3.784 
4.131 

..3.929 

14 
15 
16 
17 
18 
19 
20 
21 
22 

3.935 
3.948 
3.878 
4.068 
6.094 
4.793 
4.458 
3.913 
5.068 

.1(J3 
.215 
.162 
.130 
.049 
.047 
.059 
.070 
.079 

3.772 
3.733 
3.716 
3.938 
6.045 

4.746 
4.399 
3.843 
4.989 

Average 4.353 

Average  8  to  22 4. 183 

1  to  5  and  8  to  22 4.710 


TABLE   SHOWING   ACTUAL  TIME,   ESTIMATED   TIME,     INITIAL  VELOCITY    IN    MILES 
PER   HOUR  AND   FRICTIONAL  RESISTANCES  AS   CALCULATED. 


Observed 

Estimated 

Initial 

Frietional 

Series. 

Exp. 

time. 

time. 

speed. 

resistance. 

1 

63. 

11.70 

5.848 

2 

58.3 

9.43 

6.388 

1 

. 

3 

47. 

6.81 

8.309 

4 

56. 

7.70 

5.920 

5 

63. 

10.65 

5.290 

2 

6 

39. 

11.33 

6.440  2° 

8 

116.5 

12.08 

4.986 

9 

221. 

7.82 

3.202 

3 

10 

185.5 

205. 

6.73 

3.344 

11 

132.5 

133.5 

6.04 

4.124 

12 

182.4 

194.2 

7.52 

3.784 

I  13 

166.4 

165.3 

7.63 

4.131 

f  14 

104 

94.3 

13.17 

3.772 

15 

148.5 

121 

16.63 

3.733 

16 

103 

99 

11.96 

3.716 

17 

93 

86 

10.65 

3.938 

4 

18 

53 

49 

5.32 

6.045 

19 

51 

49 

5.11 

4.746 

20 

62 

63 

6.56 

4.399 

21 

70 

71 

7.73 

3.843 

,  22 

70.5 
raee 

es 

8.30 

4.989 

Ave 

...  9.041 

From  these  figures  we  may  conclude  that  the   frietional  resistance  of 
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that  train,  including  the  engine,  was  4.725  lbs.  per  ton,  though  many  of 
the  results  are  below  this. 

You  will  note  that  in  live  cases  the  estimated  time  taken  in  the  stop 
was  more  than  the  actual,  and  in  eight  cases  it  was  less. 

You  will  note  that  the  initial  speed  in  cases  where  the  estimated  time 
exceeds  the  actual  is  low,  averaging  6.73  miles  ;  ^while  in  cases  where 
the  estmiated  time  is  less  tlian  tlie  actual,  the  initial  speed  is  higher, 
averaging  9.72  miles,  or  almo-t  45  per  cent,  higher. 

Now  in  the  first  ten  cases  the  average  initial  speed  is  on  an  average  of 
9.69  miles,  and  if  the  same  rules  hold  we  w^llhave  an  estimated  time  of 
considerably  less  than  the  actual. 

In  the  case  of  No.  12,  we  found  that  an  increase  of  six  per  cent,  of  the 
estimated  time  over  the  actual  would  in  calculation  show  a  six  per  cent, 
decrease  in  the  resistance. 

If  the  time  used  in  the  calculation  of  cases  1  to  9  is  too  small,  then  the 
use  of  the  actual  or  correct  time  in  the  calculation  would  show  a  resist- 
ance less  than  that  tabulated  by  a  percentage  equal  to  the  error  in  the 
time  element. 

How  much  of  the  resistances  calculated  is  due  to  imperfect  track  is 
unknown.  In  no  case  was  the  track  perfect,  though  it  was  fair,  and  an 
average  sand-ballasted  track. 

Some  very  crude  experiments  were  made  to  test  the  frictional  resist- 
ance both  at  the  start  and  when  in  motion,  the  cars  used  being  of  the 
lot  used  in  former  experiments,  weight  of  which  we  had. 

Our  arrangement  for  measuring  the  resistance  being  a  lever  with 
length  four  inches  and  eighty-four  inches,  with  spring  balance  to  measure 
strain  ;  thus  : 

.C 

.A  84" 

4"  .B 

This  lever  being  upon  one  empty  coal  car  at  one  end,  the  point  A 
being  fixed  upon  the  car,  the  point  B  being  upon  a  wire  which  was  fast- 
ened to  the  draw-bar  of  the  car  to  be  tested  ;  the  point  C  being  the  point 
to  which  the  spring  balance  was  fixed,  the  other  end  of  the  balance  being 
put  to  the  lever. 

We  found  that  the  arrangement  was  not  accurate,  as,  for  instance,  the 
weight  of  the  parts  would  show  on  the  balance,  and  we  had  to  start  in 
by  an  allowance  to  provide  against  such  influence.  The  pointer  would 
bob  about  rapidly,  so  that  an  exact  reading  could  hardly  be  taken.  We 
attempted  to  read  the  amount  that  it  took  to  start  the  car,  and  then  how 
much  to  keep  it  going.  We  could  not  get  an  exactly  steady  motion,  and 
the  strains  after  the  start  were  spasmodic  in  spite  of  all  we  could  do. 

The  point  selected  was  upon  a  level  piece  of  track,  on  straight  line, 
steel  rail  and  good  surface. 

The  first  test  was  with  car  2,057,  weight  47,700  lbs. 

We  give  first  the  number  of  the  test;  second,  the  amount  our  scale 
registered  (after  deducting  our  allowance)  to  start  the  car;  third,  the 
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range  through  which  our  pointer  vibrated  (after  deducting  as  before)  to 
ket»p  the  car  going  : 


No. 
test. 
1... 


3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


Pointei-s  when 

car  started. 

29 

24 

24 

:iO 

14 

30 

13 

14 

13 

16 

11 

8 


Range  of 

pointers 

to  keep 

moving. 

4-12 

3-10 

4-  8 

4-  8 

4-  8 

4-10 

3-  6 
3-10 

4-  8 
4-10 

s-'e 


No. 

test. 

13... 

14... 

15... 

16... 

17... 

18... 

19... 

20... 

21... 

22 

23.'.'. 


Pointers  when 
car  started. 

....  8 

12 

11 

13 

16 

,    ...  10 

,.     .  15 

21 

15 

20 

10 


Ranf^o  of 

pointers 

to  keep 

moving 

2-  £ 

2-  ( 


Footing  of  experiment  to  start 355 

Average 15.44 

Multiply  by  the  leverage,  21,  and  we  have 324.24 

Divide  by  25.85  (tons) 13.595 

which  we  may  take  as  the  resistance  per  ton  upon  this  car  at  the  start. 
Foot  the  average  of  amounts  required  to  keep  the  car  in  motion 

and  we  have 745 

Which  gives  an  average  of 5.73 

Multiply  by  21  (leverage) 120.33 

Divide  by  23.85  (tons) 5.04 

equals  resistance  per  ton. 

The  wind  was  light  and  upon  side,  so  did  not  affect  it. 

Another  car  was  taken,  weight  47,100  lbs.  =  23.55  tons. 

As  before. 


Test. 

Start. 

Range. 

Test. 

Start. 

Range. 

24 

21 

21 

35 

19 

25 

36 

26 

26 

24 

37 

28 

27 

21 

38 

30 

28 

27 

4-  8 

39 

28 

2-13 

29 

13 

8-12 

40 

27 

30 

8 

4-  8 

41   

28 

31 

19 

3-  8 

42 

19 

8-13 

32 

17 

7-14 

43 

31 

4-10 

33  

15 

3-10 

44 

27 

34 

14 

6-14 



462 

78 

Aver 

lere 

22 

7.8 

22  X  21  =  462,  divided  by  23.55  =  19.62  =  average  resistance  per  ton  to 
starting. 

7.8  X  21  =  163.8,  divided  by  23.55  =  6.96  =  resistance  when  running 
very  slowly. 

Next  car  :  weight,  50,700. 


Test. 

45 

Start. 
31 

Range.   Test. 

48 

4-10  49 

Start. 

34 

30 

Range. 
4-13 

46 

28 

26 

lee 

3-  6 

47 

Avert 

3-  6  50..; 

31 

180 
30 

3-  8 

80 
6 
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30  X  21  (leverage)  =  630,  divided  by  25.35  =  24  85,  average  resistance 
at  start. 

6  X  21  =  126,  divided  by  25.35  =  4.97  =  resistance  in  motion. 

The  motion  in  last  car  was  about  three  or  three  and  a  half  miles  per 
hour,  while  in  other  two  it  was  very  much  less  ;  just  barely  a  motion. 

The  result  as  a  whole  was  very  unsatisfactory,  and  of  little  or  no  value, 
except  to  show  tliat  the  frictional  resistance  from  a  start  is  much  more 
than  while  in  motion. 

The  average  resistance  to  a  start  was  17.27  lbs.  per  ton,  while  that  to 
keep  in  motion  seems  to  have  been  about  5.10  lbs.  per  ton,  or  less  than 
one-third  of  the  former, 

Knoxville,  Tenn.,  Nov.  5th,  1885. 
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WESTERN  SOCIETY  OF  ENGINEERS. 


December  1,  1885  :— The  219th  meeting  was  held  in  the  Society's  Hall,  at 
7:30  p.  M.     Mr.  Comstock  was  called  to  the  chair. 

Mr.  Heir  was  appointed  Secretary  pro  tern. 

The  minutes  of  the  i)receding  meeting  were  read  and  approved. 

Application  for  membership  was  presented  from  Mr.  Charles  Emery  Billiu,  of 
Chicago,  indorse*!  by  Messrs.  Cooley,  Williams  and  MacRitchie. 

The  Committee  on  Civil  Works  under  the  United  States  Government  presented 
circular  letters  from  the  Engineers'  Club,  of  Cleveland,  O. ,  and  St.  Louis,  Mo. ,  in 
reference  to  the  Convention  of  Delegates  to  be  held  at  Cleveland,  O.,  on  the  8d, 
4th  and  5th  inst.  for  consideration  of  the  subject. 

The  Committee  also  reported  that  Prof.  L.  E.  Cooley  will  represent  this  Society 
in  the  Convention. 

A  paper  bj'  Mr.  C.  H.  Hudson,  of  Knoxville,  Tonn.,  on  Descriptive  Exi)eri- 
ments  to  Determine  P'rictional  Resistance  of  Railway  Trains  was  read  by  the  Sec- 
retary. HiERO  B.  Herr,  Secretary  pro  tern. 

[Adjourned.] 


At  the  next  meeting,  Tuesday,  Jan.  5,  1886,  the  annual  election  for  President, 
F^rst  Vice-President,  Second  Vice-President,  Secretary,  Treasurer,  Librarian 
and  Trustee,  will  take  place. 

Members  exjaecting  not  to  be  present  can  send  letter  ballots. 

Mr.  Zellweger  will  present  a  paper  in  answer  to  Mr.  Matlack's  query  as  to  dis- 
lx)sitiou  of  house  garbage  in  cities. 


CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


October  27,  1885  : — Special  meeting  held.    President  Holloway  in  the  chair. 

Minutes  of  last  meeting  were  read  and  approved. 

All  of  the  Secretaries  being  absent,  M.  E.  Rawson  was  elected  Secretary  pro 
tern. 

By  request.  Professor  Eisenman  stated  that  the  object  of  the  special  meeting 
was  to  hear  and  consider  the  report  of  the  siKJcial  Committee  appointed  April  14, 
1885,  in  relation  t<j  the  proposed  Convention  of  Civil  Engineers,  to  be  held  in 
Cleveland,  De(;ember  3,  4  and  5,  1885,  to  consider  the  relations  between  Civil  and 
Military  Engineers  upon  Civil  Government  Works.  The  Committee  consists  of  Pro- 
fe.s.t^or  Eisenman,  Chairman  ;  W.  P.  Rice,  J.  J.  Lamau,  Wm.  T.  Blunt  and  James 
Ritchie.  The  rejiort  of  Mr.  Blunt,  Secretary  of  tlie  Committee,  was  read  and 
ordered  filed.  As  suggested  in  said  report,  thechair  appointed  a  committee  of  five, 
consi.sting  of  Messrs.  Holloway,  Whitelaw,  Searles,  Dunham  and  Jones,  torejiortat 
next  aneeting,  upon  the  matter  of  entertainment  of  visitors  to  the  proposed  con- 
vention. 

On  motion,  Mr.  Eistuiman's  committee  was  authorized  to  procure  badges  for 
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delegates,  visitors  and  committees  attending  the  Convention,  the  cost  not  to  exceed 
ten  dollars. 

The  report  stated  tliat  reports  had  been  received  from  twenty-five  of  the  twenty- 
eight  organizations  addressed,  and  tliat  only  two  hatl  declined  to  co-opei-ate  in  the 
movem(>nt.  The  Committee  submitted  copies  of  printed  reports  to  be  sent  out, 
sotting  forth  the  dat(>  and  object  of  the  Convention. 

The  matter  was  discussed  at  length  by  Messrs.  Eisenman,  Searles,  and 
others.  M.  E.  Rawson,  Secretary  pro  tern. 

[Adjourned.'] 

November  10,  1885  :— Regular  meeting  held.  In  the  absence  of  both  President 
and  Vice-President,  E.  H.  Jones  was  elected  President  ^)ro  tern. 

Minutes  of  the;  last  meeting  were  read  and  approved. 

The  Comjnittee  to  whr)m  was  referred  the  question  of  entertainment  of  dele- 
gates to  the  Engineers'  Convention,  to  be  held  December  3,  4  and  5,  reported.  The 
whole  matter  of  entertainment  was  recommitted  to  the  Committee  with  power  to 
act. 

On  motion,  the  Committee  was  requested  to  send  notices  to  all  the  members  to 
ascertain  the  mmiber  who  would  attend  the  entertainment. 

The  following  resolution  by  Mr.    Paul  was  adopted  : 

Resolved,  That  the  services  of  a  stenographer  be  secured  for  one  evening,  on 
trial,  to  report  the  proceedings  of  the  Club,  especially  the  discussions  following 
the  papers,  such  report  to  be  revised  by  the  Committee  on  Publication  before 
being  printed  in  the  Proceedings.  On  motion  of  Mr.  Mordecai,  the  Recording 
Secretary  was  authorized  to  employ  such  stenographer. 

Mr.  N.  B.  Wood  gave  a  short  talk  upon  the  subject  of  natural  gas,  which  was 
freely  discussed  by  the  memliers  Mr.  Wood  was  requested  to  present  a  paper  on 
the  subject. 

A  maj)  was  received  from  Mr.  fxratz  Mordecai  showing  New  York  harbor. 

{Adjourned.]  M.  W.  Kingsley,  Recording  Secretary. 


Editors  reprinting  art  ides  from  this  journal  are 
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TTiis  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statemeiiis  or  opinions  of  any  of  its  members. 

A    RATIONAL    POLICY    OF    PUBLIC    WORKS. 


By  L.  E.  Cooley,  Member  of  the  Western  Society  of  Engineer;,  ;  Presi- 
dent Civil  Engineers'  Committee  on  National  Public  Works. 
[Read  January  5,  1886.] 

[The  theory  of  the  argument  is,  that  the  utility  of  a  system  of  public  works 
must  be  apparent,  in  order  to  furnish  a  sound  reason  for  providing  a  special  ser- 
vice, or  a  change  in  the  present  service,  for  its  conduct.  In  giving  prominence  to 
interior  improvements,  it  is  assumed  that  there  is  no  difference  of  opinion  as  to  the 
great  importance  of  coast  works.] 

INTRODUCTION. 

Is  there  need  of  better  provision  for  a  system  of  internal  iinprove- 
menfs  ? 

If  so,  what  action  should  be  advised  for  determining  a  rational  policy 
and  providing  a  service  for  carrying  it  out  ? 

To  base  the  consideration  of  this  question  solely  on  the  public  weal,  is 
to  promote  the  highest  justice  to  all  interests. 

If  the  utility  of  a  system  of  internal  improvements  be  admitted,  the 
importance  of  a  specially  organized  service  is  self-evident.  If  Congress 
is  prepared  to  adopt  a  consistent  and  uniform  i)olicy  toward  public 
works,  it  is  ready  to  provide  an  adequate  service  for  their  charge.  That 
the  time  has  come  for  the  definite  inauguration  of  such  a  policy  may 
not  be  sufficiently  clear  to  gain  the  general  consent  of  our  legislators. 
Meantime,  local  interests  which  can  influence  votes  will  dictate  appro- 
priations, and  perhaps  secure  special  commissions  and  appointees  there- 
on. Congress,  as  hitherto  with  all  irregular  appropriations,  will  con- 
tinue to  assign  their  expenditure  to  some  one  of  the  great  departments 
which  may  be  provided  with  a  bureau  more  or  less  well  adapted  for 
then-  disbursement. 

To  promote  a  change  to  a  rational  policy  from  the  present  wasteful 
and  unfruitful  system,  if  indeed  it  may  be  called  a  system,  is  tlie  duty  of 
a  profession  which  can  most  clearly  understand  ils  deficiencies. 

Any  intermediate  steps  that  might  be  taken  would  seem  to  afford 
greater  possibilities  for  evil  than  the  condition  it  is  sought  to  remedy. 
To  see  any  necessity  for  change  is  to  recognize  the  whole  truth  ;  to  urge 
its  full  conclusion  is  hkely  soonest  to  attain  a  desirable  consummation, 
free  from  the  suspicion  of  personal  or  class  interests.  Accepting  these 
premises  for  the  time  being,  the  reasons  for  a  policy  different  from  that 
now  prevailing  are  in  order. 
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THE  UTILITY  OF  A  PUBLIC  WORKS   SYSTEM. 

Competition  by  Wdter.—Loke  craft  from  Chicago  or  Milwaukee  to 
Buffalo  or  Erie,  receive  from  one-third  to  one-fourth  the  through  rate  by 
lake  and  rail  to  the  sea-board  :*  or  the  lake  rate  per  ton-mile  is  one- 
f  ourtli  to  one-sixth  the  rail  rate.  ]  f  these  rates  may  be  assumed  to  represent 
relative  cost  of  transportation,  then  it  is  simply  a  question  of  how  far 
the  size  of  boats  may  be  reduced,  how  much  their  speed  shall  be  lessened, 
or  what  diflSculties  of  navigation  are  to  be  contended  with,  to  bring  the 
cost  of  water  carriage  up  to  that  of  rail.  The  margin  is  certainly  ample 
to  admit  great  possibilities  in  a  Avell-considered  waterway  system. f 

Commissioner  Fink,  of  the  Trunk  Line  pool,  has  stated  that  the  Erie 
Canal  influences  rail  rates  to  the  seaboard  as  far  west  as  St.  Louis  and 
south  to  the  Ohio  River.  The  Illinois  and  Michigan  Canal,  of  less  ade- 
quate proportions  and  with  limited  commerce,  favors  all  the  towns  along 
its  route  with  a  rail  rate  much  less  than  that  of  towns  distant  a  day's 
journey  by  wagon.:}: 

The  lines  of  boats  on  the  upper  Mississippi  give  great  advantage  in 
north  and  south  rail  rates  to  the  cities  along  its  course,  and  even  the  oc- 
casional boat  which  once  or  twice  in  a  season  may  reach  a  Missouri, 
river  town,  mitigates  the  railway  tariff.  The  few  months  of  inter- 
mittent navigation  on  the  Ohio  are  profitably  utilized  by  coal  fleets, 
heavy  products  and  even  merchandise,  and  the  lower  Mississippi  exer- 
cises an  influence  quite  out  of  proportion  to  southward-bound  com- 
merce. § 

Our  waterways,  undeveloped  and  unimproved  and  of  inadequate 
-capacity,  in  fragmentary  systems  and  closed  for  a  part  of  each  year, 
frequently  not  in  the  direction  of  traffic  requirements,  afford  their 
bordering  towns  cheai)er  rates  and  indirectly  benefit  the  whole  country.  || 
It  was  repeatedly  admitted  by  railway  oflicials  before  the  Interstate 
Commerce  Committee  of  the  U.  S.  Senate,  the  past  summer,  that  the 
water  route,  though  it  may  not  caiTy  a  pound  of  freight,  exercises  a 
moral  influence  over  rail  rates.     A  channel   that  can  be  navigated  is  a 

*  Statement  bj  S.  S.  Merrill,  manager  of  a  line  of  lake  boats,  before  the  U.  S.  Senate 
Committee  on  Interstate  Commerce,  at  the  Ckicago  session,  the  past  summer.  The 
lake  route  is  practically  twice  the  rail  distance  by  five  different  lines  from  Erie  or  Buf- 
falo to  the  seaboard .  Lake  rates  on  coal  from  lower  ports,  less  than  one-third  that 
to  the  Mississippi,  forflve  times  thedistance. 

+  Previous  lo  1858,  but  9V^  feet  could  be  carried  through  Lake  St.  Clair;  12  or  13 
feet  up  to  1874,  and  16  feet  since.  Present  plans  contemplate  an  ultimate  depth  of  20 
feet  for  lake  navigation.  Tke  great  reduction  in  lake  rates  following  increased  draft 
and  improvements  in  vessels  and  machinery,  may  be  expected  to  continue  beyond  all 
hope  of  rail  competition,  when  enormous  capital  accounts  and  fixed  charges  are  con- 
sidered. 

tThe  railway  commissioners'  rate  on  wheat,  generally  adhered  to  at  non-c»mpeti- 
»ive  points,  is  7.2  cents  per  bushel  for  130  miles.  The  rail  rate  from  Henry  to  Chicago, 
130  miles,  is  the  same  as  canal  rate,  «amely,  3  cents  per  bushel. 

§Thp  influence  of  the  Mississippi  river  on  rates  to  Atlantic  ports,  especially  from  St. 
Louis,  is  discussed  in  the  reports  on  Internal  Commerce  of  the  United  States,  by  Joseph 
Nimmo,  Jr.,  Chief  of  theBareau  of  Statistios,  Treasury  Department.  See  Report  for 
1880,  et  aeq.    Also  papers  by  Fmk  and  other  authorities. 

II  The  far-reaching  effect  of  competition  is  shown  by  Commissioner  Vining  of  the 
Western  Trunk  Line  Association.  See  Railway  Review,  Oct.  18,  1884  :  "  Necessity  for 
a  Classification  of  Freight," 
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latent  force  whicli  becomes  active  when  rates  are  pushed  above  a  certain 
minimum.*  If  this  be  now  true,  what  benefits  may  not  be  anticipated 
from  tlie  development  of  an  adequate  system,  fully  navifjjable  at  all  times 
in  the  South,  and.  when  not  closed  by  ice,  in  the  North  V 

France  has,  perhaps,  a  more  fully  developed  waterway  system  than  any 
other  countrj",  havinj?  expended  $218, 000, 000  on  7069  miles  of  interior  or 
non-uuiritime  lines. +  Within  the  past  few  years,  she  has  beenimprovinji; 
rivers  of  a  class,  at  present,  quite  unworthy  of  attention  here.  Although 
rigidl}'  controlling  her  railways,  of  which  she  becomes  the  owner  after  a 
limited  time,  she  has  recently  given  renewed  attention  to  her  waterways 
with  a  view  to  their  fullest  development  in  accordance  with  the  latest 
studies;  $270,000,000  have  been  set  aside  for  the  purpose  by  her  govern- 
ment and  her  municipalities,  and  this  for  a  territory  considerably  less 
than  the  combined  area  of  Illinois,  Iowa,  Wisconsin  and  Minnesota. 
Uiuler  the  circumstance  of  full  control  and  ultimate  ownership  of  all 
highways  of  commerce,  this  maj'  betaken  as  the  unbiased  judgment  of 
her  statesmen  and  engineers.  How  puny  seems  the  river  and  harbor  bill 
for  a  country  like  the  United  States  ! 

Manchester,  England,  has  recently  concluded  to  bring  the  sea  to  her 
doors  tlu'ough  a  canal  thirty-five  miles  long,  to  cost  §40,000,000.  The 
maximum  rates  are  fixed  at  one-half  the  present  rates  by  rail  or  canal 
from  Liverpool4 

It  would  be  a  work  of  supererogation  to  cite  further  proof  that  water 
carriage  in  proper  channels  is  the  cheapest  method  of  transportation. 
Was  it  not  Lord  Dundreary  who  noticed  that  all  the  great  rivers  ran 
by  the  big  cities  ? 

The  Future  System. — It  requires  but  a  superficial  examination  of  our 
country  to  appreciate  its  possibilities  in  a  magnificent  public  works  sys- 
tem. Fringed  about  by  a  deeply  indented  coast,  harbors  in  profusion 
invite  fuller  development.  Great  lakes  and  riv.ers,  extending  remotely 
from  market  points,  drain  basins  unexampled  in  minei'al  and  agricul- 
tural resources.  Natural  channels,  susceptible  of  improveme.it  to  ample 
capacity,  are  well  distributed.  Topographical  features  favor  the  linking 
of  the  river  systems  to  each  other,  to  the  lakes  and  to  the  seaboard. 

The  canal  systems  of  our  fathers  are  of  the  past,  and  the  day  of 
meagre  channels  and  small  boats  is  drawing  to  a  close.  The  railway  is 
better  adapted  to  the  quick,  detailed  and  distributive  trafiic  of  our  coun- 
try. Natural  channel-ways,  developed  to  a  capacity  suited  to  fleets  and 
boats  of  large  burden,  so  articulated  at  vantage  points  as  to  require  no 
change  of  cargo — a  great  trunk  system  with  tributary  water-ways  of  in- 
definite extent,  joining  market  points  of  heavy  trafiic  origin  and  destina- 
tion— this  is  the  system  of  the  future. g 


♦"They  can  only  increase  their  charges  over  the  charges  made  by  water  routes  to 
the  extent  that  they  offer  addiiional  advantages  ;  while  somewhat  higher  rates  can  be 
charged  by  the  railroads,  the  basis  of  their  charges  are  the  charges  made  by  water 
lines."— Albert  Fink,  Sent.  17,  1883,  before  the  U.  S.  Senate  Committee  on  Labor  and 
Education.  Virtually  the  Chicago  and  St.  Louis  rates  by  water  are  the  basis  to  which 
the  rail  rates  of  the  country  are  adjusted. 

t  New  lines  authorized,  1813  miles. 

t  Depth,  26  ft.;  lockage,  60>^  ft.;  locks,  n'->0  ft.  by  60  ft. 

§0f  nhatuse  are  rivers?  "To  feed  navitjable  canals,"  said  James  Brindley,  the 
father  of  English  canal  engineering,  morn  than  a  century  ago.    This  remark,  in  a 
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It  has  been  stated  that  the  Mississippi  Valley,  comprising  about  one- 
third  the  territory  of  the  Uniied  States,  contains  15.000  miles  of  naviga- 
ble streams;  /.  e.,  streams  which  have  been  navigated  and  legally  known 
as  navigable.  The  question  was  investigated  in  1881.*  Taking  the 
main  river  to  Cairo  and  the  basins  of  the  Ohio,  the  Upper  Mississippi 
and  the  Missouri,  10,000  miles  of  rivers  were  found,  the  projects  for  wluch 
considered  an  improvement  feasible,  at  reasonable  cost,  for  boats  of  a 
large  class.  This  estimate  omitted  the  tributaries  of  the  lower  river  and 
a  great  number  of  minor  streams  for  which  appropriations  have  been 
made.  On  tlie  same  basis,  the  natural  channels  of  the  balance  of  our 
territory  would  readily  raise  the  estmiate  to  20,000  miles.  To  make  the 
system  as  complete  as  in  France,  by  embracing  minor  streams  and  more 
expensive  improvements,  would  give  a  mileage  of  not  less  than  50,000.  To- 
day, 10,000  miles  of  improved  channels  would  constitute  a  primary  trunk 
system.'  about  one-twelfth  of  the  railway  mileage,  which  would  directly  or 
indirectly  regulate  traffic  charges  throughout  the  country.  Increasing 
density  of  population,  traffic  grown  heavier  and  more  concentrated,  and 
the  margin  of  profit  on  industry  growing  smaller,  would  gradually  de- 
mana  extensions  of  the  system  until  developed    to  its  limit  of  usefulness. 

Waterways  as  at  present  existing,  in  detached  lengths,  unsutied  to  eco- 
nomical transport,  unavailable  a  good  portion  of  each  year,  cannot  be  ex- 
pected to  attain  great  results  and  yet  their  influence  is  admitted.  Water- 
ways should  constitute  connected  systems  as  well  as  railways,  and  they 
should  be  so  planned  as  to  avoid  transshipment  as  much  as  possible. 
The  same  capacity  cannot  everywhere  be  provided,  but  improvements 
can  be  based  on  a  few  well  considered  types,  uniform  throughout  the 
country,  in  lieu  of  present  methods  by  detached  works  without  reference 
to  other  works  with  which  they  will  sometime  constitute  a  system. 

What  can  he  Afforded.— Om  territory  extends  so  widely  as  to  make  the 
traffic  tax  between  the  producer  and  the  consumer,  the  agriculturist  and 
the  manufacturer,  the  inerior  and  the  seaboard,  a  heavy  burden.  The 
amount  by  which  this  burden  can  be  lightened  is  the  measure  of  what 
can  be  afforded  for  internal  improvements. 

The  National  Government,  from  1790  to  1879,  expended  on  all  our  rivers 

and  harbors,  $81,747,604. 45.  t 

measure  true  at  the  time,  became  the  chief  do^ma  of  canal  engineers.  The  practice  of 
this  branch  of  the  profession  soon  became  fixed,  and  has  shown  little  elasticity  or  ad- 
vance under  the  chaugiug  requirements  of  th^  age.  or  the  revolution  wrought  by  the 
Introduction  of  steam.  Even  as  late  as  1848,  the  Illinois  &  Michigan  Canal,  with  meagre 
prism,  was  completed  for  horse  boats  alongside  a  river  unusually  well  adapted  to  slack- 
water  improvement  for  steamboats  of  a  large  class.  The  locks  and  dams  on  the  lower 
Illinois  is  another  case  of  reversion.  Had  dogma  given  way  to  wise  forethought,  the 
same  expenditure  could  have  resulted  in  a  magnificent  navigable  channel  from  the 
Lakes  to  the  Mississippi,  and  made  of  the  Upper  Illinois  the  Merrimack  of  the  West. 

*  •'  Proceedings  of  the  Missouri  River  Improvement  Convention."  (p.  59),  ft.  Joseph, 
Mo.,  1881;  also,  "  A  Plea  for  the  Missouri  River  Improvement,"  by  L.  E.  Cooley  and 
6.  H.  Yongp,  publislied  by  the  City  of  Leavenworth,  Kansas,  1884. 

t  Four  bills  have  been  passed  since,  aggregating  $5;},813,235  ;  and  $4,250,000  has 
been  paid  on  the  South  Pass  jetty  improvement.  A  partial  list  of  the  work  done  on 
rivers  and  harbors,  and  such  canals  as  have  been  turned  over  to  the  general  govern- 
ment, by  States,  corporations  and  private  individuals,  up  to  1879,  aggregates  an  expendi- 
ture of  831,021,42:5.32.  In  aid  of  such  work,  the  government  has  granted  3,057,840- 
acres  of  the  public  domain. 
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The  State  of  New  York,  up  to  1873,  had  expended  on  her  canal 
system  an  e(iual  amount,  or  $81,577,993  ;  and  received  therefrom  in  tolls, 
up  to  187(),  $128,067,030  ;  while  the  surplus  earnings  on  tlie  Erie  Canal 
alone,  up  to  1873.  above  cost,  operating  expenses  and  maintenance,  were 
$40, 175,r)94.*  Tlie  indirect  benefits  to  New  York  and  to  the  whole 
country  have  been  immeasureable. 

At  the  end  of  1884,  tlie  railways  of  the  United  States  aggregated  125,150 
miles,  with  a  share  capital  and  indebtedness  of  17.676.399,054,  or  !S61,400 
per  mile,  and  on  this  sum  it  endeavored  to  collect  dividends.  Although 
the  year  1884  was  one  of  unusual  depression,  the  gross  earnings  amounted 
to  $770,684,908,  and  the  net  earnings  to  $268,106,258,  or  $2,142.28  per 
mile.     The  average  rate  was  1.236  cents  per  ton-mile. 

It  is  not  proposed  to  argue  any  abstruse  questions  in  political  economy^. 
It  IS  evident  that  if  a  system  of  public  works  could  have  saved  to  the 
peojile  10  per  cent,  of  the  gross  earnings  in  1884,  and  this  ratio  of  saving 
could  be  maintained  by  its  construction,  an  expenditure  of  over  $2,500,- 
000.000  at  3  per  cent,  could  be  afforded  for  its  development.  If  far  better 
results  are  to  be  realized,  then  by  that  much  would  the  general  public 
benefit  in  a  clear  gain.  The  railways  would  still  retain  traffic  ample  for 
a  reasonable  return  on  their  fair  cost,  for  all  lines  judiciously  located 
and  properly  constructed.  In  the  greater  prosperity  that  would  ensue, 
an  increase  in  that  traffic  for  which  the  railway  is  best  adapted  would 
doubtless  provide  better  returns.  While  it  might  not  be  expected  tliat 
waterways  would  promote  the  construction  of  railways  and  enhance  their 
value,  sucli  has  been  the  result  throughout  the  Mississippi  Valley,  and 
from  the  great  lakes  eastward. 

It  is  impossible  to  infer  to  what  degree  of  perfection  $2,500,000,000 
could  bring  a  public  works  system.  This  much  is  certain,  however, 
that  Congress  cannot  expect  to  attain  great  results  with  the  expenditures 
of  90  years,  an  amount  less  than  the  aid  to  the  Pacific  railways  in  their 
brief  history. f  A  well  defined  policy,  a  fully  studied  scheme  and  annual 
appropriation  reasonable  in  view  of  the  purposes  to  be  subserved,  would 
gradually  bring  relief  jn  reduced  cost  of  transportation. 

The  value  of  navigable  channels  is  gradually  impressing  itself  on  the 
people.  Along  lines  of  heavy  traffic  their  cheapness  is  admitted.  As  a 
bulwark  against  extortionate  rates  even  before  demanded  by  traffic,  they 
secure  recognition.  Every  steamboat  and  ship  owner  is  a  free  competitor 
for  traffic,  thus  adjusting  profits  to  those  of  general  business.  A  traffic 
charge  is  a  tax  which  it  is  the  function  of  government  to  lighten  as  much 
as  may  be  possible. 

If  the  claims  for  an  interior  system  do  not  receive  full  assent,  our  coast 
and  lake  harbors  of  themselves  can  demand  better  provision.  The  in- 
creased draught  of  lake  and  ocean  vessels  makes  deep  entrances  to  our 
harbors  imperative.     Every  port  on  our  20,000  miles  of  coast  Une  requires 

*  Cost,  Including  that  of  the  original  canal,  exiraordinary  repairs  and  improvements 
up  to  1876,  $49,160,986.93.  The  free  canal  system  went  into  efifect  at  the  beginning 
of  188.3. 

t  The  subsidy  to  the  Pacific  railways  was  $64,623,57?!.  The  principal  and  accrued 
interest,  Jun-^  30.1884.  was  SlOa. 934. 794.08.  About  150.000.000  acres  of  land  have 
been  granted  and  about  5n. 030, 000  patented  or  earned.  It  is  repjrted  that  100,000,000 
may  be  forfeited  at  the  will  of  Congress.  , 
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the  watclifiil  care  and  skill  of  the  best  service  that  can  be  provided^ 
Many  of  ti)ese  ports  are  at  the  outlets  of  great  arterial  systems  which  may 
carry  the  products  of  a  nation  to  the  seaboard,  on  its  way  to  domestic  or 
foreign  markets ;  and  they  are  likewise  the  natural  entrepots  through 
which  the  products  of  other  lands  may  reach  the  great  interior. 

Can  the  growing  sentiment  of  our  people  for  interior  and  coast  im- 
provements, which  is  constantly  breaking  out  in  popular  conventions 
and  crude  enactments  in  our  legislative  chambers,  be  indefinitely 
ignored  ? 

THE  GROWTH   OF  PRESENT  METHODS. 

A  Naiioiial  Policy.— The  policy  of  the  General  Government  for  the 
first  half  century  of  its  existence  was  foreign  to  the  construction  and 
improvement  of  waterways  and  harbors,  although  the  construction  of 
national  roads  was  largely  entered  upon.  Notwithstanding  the  efforts 
of  several  of  the  States,  notably  New  York  in  1811,  to  induce  Congress 
to  undertake  public  works  or  to  give  aid,  congressional  action  was 
limited  to  an  occasional  land  grant  for  state  enterprises,  a  practice  that 
only  grew  to  full  fruition  in  the  building  of  the  land  grant  railways  by 
private  corporations.  Accepting  the  pohcy  of  the  General  Government, 
the  several  States  largely  entered  upon  the  construction  of  canal  sys- 
tems and  even  the  improvement  of  rivers  and  harbors. 

In  this  early  day.  the  constitutionality  of  public  w-orks  construction 
by  the  United  States,  except  as  warranted  by  military  necessity,  was 
gravely  argued,  and  is  even  now  brought  forward  in  relation  to  special 
schemes.  The  military  necessity  plea  served  some  earlier  projects  and 
again  came  to  the  front  at  the  close  of  the  civil  war. 

Under  the  commerce  clause  of  the  constitution,  the  Supreme  Court  has 
defined  as  navigable  waters  of  the  United  States,  those  that  "  form  in 
their  ordinary  condition  by  themselves,  or  by  uniting  with  other  waters, 
a  continued  highway  over  which  commerce  is  or  may  be  carried  on  with 
other  States  or  foreign  countries  in  the  customary  modes  in  which  such 
commerce  is  conducted  by  water."  Although  the  earlier  decisions  run 
back  fifty  years,  it  is  only  since  1870*  that  the  limits  and  powers  of  the 
General  Government  have  been  well  defined,  and  even  now  there  are 
many  points  undecided.  The  paramount  jurisdiction  of  the  General 
Government  is  assumed  in  recent  river  and  harbor  bills  and  bridge  laws, 
and  of  late  States  have  recognized  their  stibordinate  powers  on  domestic 
streams  and  in  bridging  navigable  waters.  The  construction  of  arti- 
ficial channels  around  obstructions  has  been  for  some  years  accepted  as 
proper,  and  as  links  between  natural  systems  they  are  obtaining  similar 
recognition.  In  fact,  it  may  be  doubted  if  there  is  any  limit  to  the 
powers  of  Congress  to  pi-ovide  commercial  highwaj's  in  the  interests  of 
commerce. 

The    history  of    our   waterways  ascribes   to  them  remarkable    pros- 

*  Sup.  Ct.  Decisions.  1870:  "  The  Daniel  Ball."  Tlie  Grand  River  was  declared  to  be 
a  navigable  stream  and  not  a  "  domestic  streaaa '' solely  under  the  jurisdiciion  of 
MichiRan.  The  first  important  case  was  in  regard  to  an  exclusive  franchise  granted  to 
R.  R.  Livingston  and  Robert  Fulton  for  the  navigation  of  the  waters  of  the  State  of 
New  York  by  boats  moved  by  Are  and  strain.  The  doctrine  was  more  fully  defined 
in  Gilman  vs.  Philadelphia  and  in  the  Wheeling  bridge  esse,  as  also  in  the  Rock  Island 
brid(»ecase.  , 
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perity  until  the  advent  of  the  railway  systems,  and  as  pioneers  in  the  tirst 
develoi>nient  of  the  coiintrj".  Durinj?  the  speculativi'  and  constructive 
period,  witli  tlie  larj^c  profits  and  rajudly  ciianginf^  values  incident  to  the 
inhal>itatioii  of  new  territory,  the  railway,  even  with  heavy  traffic 
charges,  proved  its  adaptation,  and  the  waterways  ijradually  fell  into 
disuse.  With  tiie  development  of  market  centres,  furnishing  a  cargo  or 
hulk  traffic  in  place  of  the  old  coasting  trade,  with  a  settled  and  dense 
pojnilation  and  fixed  industries,  vpith  lower  margins  of  profits  on  which 
freight  charges  most  seriously  infringed,  waterways  have  taken  on  new 
life,  and  their  improvement  is  loudly  called  for.  With  the  long-recog- 
nized importance  of  coast  harbors,  this  call  is  coextensive  with  our  land. 

The  hi>^tory  of  this  question  passes  from  a  period  when  internal  imi)rove- 
nients  were  regarded  as  the  peculiar  function  of  the  States,  up  through 
a  marvelous  development  of  transportation  facilities  by  corporate 
capital,  in  which  commerce  has  become  a  mighty  problem  of  interstate 
concern,  until  a  public  works  system  is  recognized  as  the  province  of  the 
General  Government  That  the  growth  of  this  idea  will  in  time 
find  e.'cpression  in  proper  legislation,  no  one  can  doubt.  That  it  should, 
ere  this,  have  resulted  in  a  well-defined  policy,  is  the  belief  of  students 
of  the  subject. 

Legiskition. — Our  public  improvements  have  secured  appropriations 
most  largely  through  local  and  sectional  influences.  Great  popular  con- 
ventions are  held  to  express  to  Congress  the  earnest  desire  of  the  people 
for  improved  waterways  and  harbors.  In  these  conventions  diverse 
interests  often  strive  for  expression,  and  even  in  Congress  ihey  not  in- 
frequently so  antagonize  each  other  as  to  defeat  legislation  of  great  pub- 
lic moment.  The  limits  hitherto  set  for  the  river  and  harbor  bill,  the 
great  number  of  projects  demanding  attention,  and  necessarily  included, 
have  resulted  in  the  arbitrary  scaling  of  estimates  to  a  fraction  of  what 
is  required  in  individual  cases  to  prosecute  work  economi'^ally  or  to  even 
achieve  success. 

That  improvements  should  be  local  and  diverse,  is  to  be  expected.  That 
there  should  be  a  medley  of  bridge  laws,  or  none  at  all  in  some  instances, 
is  not  strange.  That  even  in  connected  or  adjacent  navigations,  forming 
parts  of  a  local  system,  there  should  be  such  diversity  in  permanent 
structures  as  to  call  for  different  classes  of  boats,  is  a  legitimate  result  of 
present  methods.  That  works  should  be  undertaken  which  are  totally 
separated  from  continuous  navigable  waters,  or  that  expenditures  should 
be  made  only  remotely  connected  with  the  interests  of  navigation,  need 
not  bn  a  matter  of  surprise.  Do  we  wonder  that  the  river  and  harbor 
bill  should  fall  into  disrepute,  and  the  true  friends  of  a  public  works 
policy  pray  that  it  may  be  killed  annually  until  more  rational  methods 
can  prevail  ? 

The  only  effort  which  has  been  made  to  lay  out  a  sj'stem  of  improve- 
ments was  by  the  Windom  Senate  Committee  of  1874.  Although  much 
interesting  information  was  collected  and  some  general  recommenda- 
tions of  value  made,  no  great  result  could  be  achieved  by  such  a  body, 
or  by  any  body,  in  a  brief  space. 

The  study  of  internal  improvements,  and  their  execution,  is  the  proper 
work  of  an  organization  constituted  for  that  puri)ose.     The  local  or  sec- 
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tioiial  sclieme  should  f^o  directly  to  this  department  for  exairination  and 
reach  our  legislative  lialls  only  as  a  project  in  harmony  with  a  general 
plan.  Finally,  in  t!ie  elaboration  of  a  general  plan,  we  may  suppose  all 
local  or  sectional  interests  to  have  been  properly  consulted.  By  such 
methods,  and  appropriations  commensurate  with  tie  purposes  in  view, 
will  our  public  vvoi-ks  assume  a  proper  dignity. 

Professional  Organization.— \Y\th  the  growth  of  public  improvements, 
the  Military  Engineer  Corps  is  found  in  a  neulral  and  powerless  position. 
Originally,  ai)pr()i)riations  for  works  of  military  necessity,  for  roads  or 
for  explorations,  were  natuially  delegated  to  the  Secretary  of  War.  That 
their  disbursement  should  have  been  assigned  to  the  Engineer  Corps  of 
the  Army,  even  had  other  talent  been  tlien  available,  was  proper,  and 
the  usage  has  continued  to  this  time,  although  the  purpose  has  largely 
changed.  Except  by  custom  and  implication.  Army  engineers  have  no 
legal  or  legislative  status  for  civil  work,  and  may  be  considered  as 
virtually  on  detached  duty.  Without  proper  status,  they  are  power- 
less to  devise  or  recommend  a  system.  Even  an  opinion,  in  accord- 
ance with  military  ethics,  may  be  impertinent,  and  wise  enactments 
must  take  the  chance  of  discovery  by  men  unfamiliar  wiih  the  require- 
ments. Without  tenure  in  the  work  to  wliich  Army  engineers  are 
assigned,  they  certainly  cannot  provide  a  status  for  their  civil  employes. 

Such  conditions,  not  generally  understood,  have  naturally  resulted  in 
dissatisfaction,  and  it  is  not  strange  that  under  the  spur  of  special 
interests,  a  remedy  should  have  been  discovered  in  the  commission 
panacea.  The  apparent  advantage  to  one  section  through  a  commission, 
leads  to  a  struggle  for  like  advantage  elsewhere,  until  every  large  sec- 
tional interest  may  be  expected  to  insist  on  its  commission.  This  leads 
to  a  gradual  disintegration  of  responsibility.  Appointments  become  a 
matter  of  influence,  with  no  assurance  of  training  or  skill  for  the  work, 
and  the  tendency  is  inevitable  to  self-seeking  and  political  contiol. 

Althiuigh  commissions,  jjcr  se,  may  have  been  a  benefit  to  our  public 
works  in  mooted  questions  and  special  installations,  yet,  there- 
by, an  organizition  has  not  been  provided  for  their  better  conduct, 
nor  has  a  desirable  tendency  been  inaugurated.  It  has  gone  too  far, 
however,  to  warrant  no  action  or  a  return  to  the  old  regimen,  and  it 
should  be  wisely  met  by  comprehensive  legislation. 

It  is  certain  that  any  organization  thus  far  constituted  is  quite 
unsuited  to  the  requirements.  Until,  however.  Congress  defines  a  policy 
toward  public  works,  a  special  organization  can  have  little  reason  for 
existing. 

THE  DEFICIENX'IES   OF  THE   PRESENT   ORGANIZATION. 

To  present  without  bias  the  deficiencies  of  the  present  river  and  har- 
bor service  is  no  light  or  enviable  task.  The  organization  of  the  Engi- 
neer Bureau  is  purely  military,  and  solely  as  an  arm  of  the  military 
estabhsliment  is  its  policy  defined.  It  has  no  proper  legislative  sanction 
for  civil  work,  this  being  in  the  nature  of  a  detached  service  by  assien- 
ment  (;f  the  Secretary  of  War,  originally  to  works  of  military  necessity. 
Adequate  training  and  experience  is  not  demanded  for  important  civil 
duties,  and  officers  are  transferred  from  time  to  time  with  too  little  regard 
for  the  interests   in  which   they   are  enjoyed.     It  cannot  well  be  other- 
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wise  where  all  duty  must  be  subordinated  to  tlio  military  requirement. 
All  laws,  rej^ulatious  and  rulings  are  essentially  military.  How  ill 
adajited  they  may  be  to  the  re<]uirements  of  civil  work,  is  chiefly  known 
to  those  who  have  had  experience  under  them.  Regulations  in  regard 
tt)  jturchases,  contracts,  property  ;  in  regard  to  vouchers  and  reports  of 
all  kinds,  are  elaborately'  annoj-ing,  greatly  increasing  the  cost  of  super- 
vision, often  tying  the  bands  of  the  resident  engineer  or  even  defeating 
success  in  work  requiring  dispatch.  A  set  of  regulations  based  on  the 
field  requirements  of  civil  work  would  promote  sound  business  methods, 
but  this  is  clearly  impracticable  until  the  whole  matter  is  formalh'  dele- 
gated. 

Tlie  Corps  of  Engineers,  U.  S.  A.,  at  present  comprises  112  members ; 
of  these.  35  are  engaged  in  strictly  military  dut}'.  51  in  strictly  civil 
duty,  while  the  balance  have  both  military  and  civil  duties.  If  the 
assignments  be  followed  up  in  detail,  it  is  found  that  with  few  excep- 
tions, officers  attain  the  rank  of  captain  before  assignment  to  civil  work; 
in  other  words,  that  five  or  six  years  of  post-graduate  study  and 
experience  is  regarded  as  essential  to  the  completion  of  their  military 
training. 

For  their  civil  work,  no  special  course  of  study,  preparation,  experience 
or  aptitude,  is  made  a  pre-requisite  ;  yet  no  capable  engineer  officer  will 
say  that  liis  problems  of  civil  engineering  taxed  him  less,  or  were  less 
difiicult,  than  those  of  his  military  experience. 

The  first  civil  assignment  is  usually  as  assistant  to  an  ofiicer  of 
experience.  As  preparation  for  actual  charge  has  not  been  made,  the 
duties  performed  are  generally  nominal.  Thanks,  however,  to  an  excel- 
lent training,  experience  in  time  may  remedy  deficiencies,  though  the 
lack  of  detail  knowledge  of  field  practice  and  construction  ma}'  be  suffi- 
ciently apparent. 

Each  district  officer  is  directly  responsible  to  the  Chief  of  Engineers 
only,  who,  with  divided  duties,  is  supposed  to  consider  and  approve  every 
project  in  the  United  States.  The  relief  afforded  by  an  occasional  board 
is  not  a  comprehensive  one,  and,  practicallj',  there  is  no  inspection 
service.  The  corps  boasts  many  civil  engineers  of  high  attainment,  and 
that  any  success  should  be  reached  under  a  lack  of  proper  method,  is 
gratifying  evidence  of  what  might  result  from  a  definitive  policy. 

''  Military  and  civil  methods  of  administration  are  entirely  diverse,  and 
proceed  upon  diametrically  opposed  theories.  The  military  officer  plans 
and  commands  ;  the  civil  officer  hears,  weighs  and  decides."*  That  ideas 
are  sometimes  outranked  in  boards  of  military  engineers,  is  the  evidence 
of  junior  members.  In  like  manner,  may  the  subordinate  service  fail  of 
a  true  development. 

It  has  been  remarked  that  the  man  of  engineering  habits  of  thought  is 
a  poor  field  officer.f  If  so,  how  far  is  a  military  training  adapted  to 
making  the  best  civil  engineer?    One  thing  is  certain,  that  the  student 

*  Jlajor .}.  W.  Powell,  Director  of  the  U.  S.  Geological  Survey,  before  a  joint  com- 
mittee of  the  two  houses  of  Congress. 

t  Another  phasf*  is  illustrated  in  a  recent  remark  of  Adj.  General  Drum,  in  regard  to 
the  value  of  an  experience  in  civil  life,  as  evidenced  by  the  preat  leaders  which  the  late 
war  brought  to  the  front.  He  might  also  have  cited  the  records  of  army  and  navy  oflB- 
cers  who  have  served  in  the  Coast  Survey. 
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who  lias  mastered  his  course  in  a  good  engineering  school  and  had  five  or 
six  years'  experience  as  assistant  under  a  competent  chief  and  in  com- 
mercial methods,  has  fuller  qualifications  than  the  officer,  who  comes  to 
his  work  after  his  post-graduate  military  service,  a  novice  except  in 
ability  to  organize.  This  of  itself  is  a  full  argument  for  more  rational 
methods. 

Perhaps  the  most  serious  defect  of  our  Corps  of  Engineers  as  an  organ- 
ization for  civil  work  lies  in  the  fact  that  responsible  position  is  attained 
by  transfer  from  a  service  of  little  similarity,  and  without  antecedent 
training  and  experience  :  while  the  great^ody  of  whom  technical  knowl- 
edge and  skill  are  required,  perhaps  e(iually  competent,  certainly 
with  special  training  and  years  of  experience,  is  ineligible.  This  class  of 
men,  under  the  general  title  of  civil  assistants,  outnumber  the  officers 
from  three  to  six  times.  Their  employment  is  of  course  temporary, 
depending  on  the  annual  appropriation  bill.  However  competent  or 
ambitious  to  make  this  specialty  a  life  work,  they  are  confronted  by 
uncertain  tenure  of  position  and  ineligibility  for  responsible  charge.  In 
fact,  have  we  not  the  anomaly  of  a  service  in  which,  as  a  general  thing, 
the  supei-ior  or  responsible  officers  are  unfamiliar  with  the  field  duties 
which  they  are  called  upon  to  direct  and  supervise?  Does  not  this 
reverse  the  logic  and  the  method  of  all  human  experience  ? 

This  condition  cannot  result  in  the  best  service.  The  time  of  the  civil 
assistant  on  government  woi-k  does  not  average  three  years,  or  in  other 
words,  when  some  competence  in  a  difficult  specialty  is  attained  at 
government  expense,  it  is  immediately  thrown  away.  The  best  talent  of 
course  will  not  remain  without  hope  of  future  reward,  and  ever  in  the 
face  of  the  growing  conviction  that  the  special  experience  acquii'ed  can 
avail  little  in  other  pursuits.  It  is  not  strange,  therefore,  that  a  large 
proportion  of  our  best  technical  graduates  should  enter  a  service  to  find 
out  their  mistake,  and  resign  with  more  or  less  resentment  toward  a 
condition  of  affari's  in  which  all  concerned  are  alike  powerless  to 
remedy. 

The  deficiencies  of  the  service  grow  out  of  legislative  inadvertence  and 
military  point  of  view.  It  is  no  plea  of  justice  to  the  civilian,  that  could, 
of  itself,  demand  a  change.  There  is  but  one  question,  and  that  is — what 
is  most  expedient,  or  what  will  secure  the  best  result  ?  All  that  can  be 
insisted  upon  is,  that  the  present  plan,  or  rather  no  plan,  for  it  has  grown 
like  Topsy,  is  most  iU  adapted,  and  that  a  well  considered  change  is 
demanded  in  the  interest  of  a  better  service.  All  familiar  with  the 
matter  recognize  this,  and  it  remains  to  define  its  character. 

SUGGESTIONS  FOR  A  SPECIAL  ORGANIZATION. 

The  wise  man  is  ready  to  rebuild  when  he  tears  down.  Unless  a  well 
digested  system  can  be  substituted,  to  argue  a  change  is  folly.  The  inter- 
ests concerned  are  far  too  important  for  other  than  grave  deliberation  and 
conservative  methods.  If  we  have  not  faith  that  Congress,  recognizing  the 
advisability  of  change,  will  order  wisely,  then  far  better  to  have  left  our 
efforts  undone,  unless,  indeed,  they  should  ameliorate  somewhat  the 
inevitable. 

A  cursory  study  of  our  river  systems,  lakes   and  coasts,   suggests  the 
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outline  of  an  organization  adapted  to  the  re([iiiremeuts.  The  country 
naturally  segregates  into  several  grand  divisions  or  departments,  within 
each  of  which  there  is  such  similarity  in  i)hysical  features,  such  commu- 
nity of  interests,  as  to  demand  related  works  or  jjlans  in  mutual  har- 
mony. These  grand  divisions  suhdivide  into  districts  of  less  individuality, 
but  integral  members  of  tlie  group  which  constitutes  the  department. 
Adjacent  departments  will  liave  much  to  consider  in  common,  much  to 
harmonize  in  the  general  develojiment  of  trunk  lines  and  the  fixing  of 
standard  requirements  for  improvements  of  similar  capacity. 

Let  the  district  be  taken  as  the  unit,  with  an  officer  in  charge,  and  an 
organization  competent  for  the  multifarious  duties  involved  in  the  design 
and  execution  of  work.  The  several  district  officers  may  constitute  a 
board ,  charged  with  the  common  interests  and  general  plans  for  the  de- 
partment. Its  cliief  should  have  no  special  charge,  but  should  act  as 
executive  officer  of  the  board.  The  several  department  chiefs  may  con- 
stitute a  central  board  for  the  consideration  of  wider  interests  and 
the  supervision  and  development  of  the  public  works  system  as  a 
whole. 

Within  the  district,  resident  engineers  and  assistants  must  be  provided, 
down  to  the  lowest  grade  requiring  technical  training,  skill  and  ability. 
Starting  with  this  grade,  which  may  be  one  of  probation,  promotion 
should  be  step  by  step  in  accordance  with  a  well-advised  plan,  preserv- 
ing, however,  elasticity  enough  to  utilize  the  best  thought  in  the  profes- 
sion. Such  a  system  would  not  be  unlike  that  of  Prussia,  in  which  all 
officials  are  educated  and  trained  for  their  work  as  civil  engineers. 

Having  decided  upon  a  policy  and  the  character  of  an  organization,  it 
is  evident  that  to  create  it  de  novo  and  develop  it  to  full  efficiency,  is  a 
work  of  years.  It  is  a  truth  that  many  engineers  too  little  appreciate  that 
river  and  harbor  work  is  pre-eminently  a  specialty,  requiring  a  high  order 
of  analytical  ability,  executive  capacity  and  skill,  to  cope  with  active 
forces  of  destruction.  The  judgment  acquired  by  special  experience  is  not 
to  be  lightly  thrown  away. 

As  before  stated,  less  than  one-half  the  Engineer  Corps  is  at  present 
required  for  military  duty,  although  the  prospective  and  necessary 
work  on  our  sea-coast  defenses  may  soon  demand  quite  its  entire  ser- 
vices. So  there  is  now  available  over  one-half  the  Engineer  Corps  as 
the  nucleus  of  a  civil  establishment ;  and,  with  such  civil  assistants  as 
may  have  developed  special  fitness,  a  fair  working  organization  could  be 
provided  at  once.  It  would  be  a  matter  of  three  or  four  years  only 
before  the  new  organization  had  become  a  consolidated,  well-adjusted, 
living  force,  utilizing  all  the  available  experience  and  gradually  estab- 
lishing itself  on  a  civil  basis. 

The  organizing  ability  possessed  by  many  of  our  engineer  officers  vvould 
be  of  the  greatest  service  in  the  earlier  stages  of  the  new  cstablisliment. 
With  the  law  intelligently  framed  and  its  provisions  carefully  worked  out, 
the  execution  could  not  be  left  to  more  willing  or  appreciative  hands ; 
and  doubtless  manj-  of  attainment  in  civil  work  would  elect  permanent 
appointments  in  the  new  service.  The  deficiencies  of  our  present  no- 
system  are  too  well  recognized  by  those  concerned,  not  to  make  a  wdse 
remedy  devouth'  to  be  wished.     Thinking  men  will  not  resist  a  change 
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which  assures  better  results,  provided  their  vested  interests  are  in  some 
manner  conserved. 

WHAT  SHOULD  BE   RECOMMENDED? 

If  tlie  various  phases  of  this  subject  have  been  clearly  presented,  then 
it  is  apparent  that  there  has  been  a  pjadual  change  in  attitude  on  the 
part  of  the  United  States  toward  internal  improvements  ;  that  the  time 
is  approacliing,  if  not  already  here,  when  the  formal  adoption  of  a  well- 
considered  policy  will  be  necessary ;  that  hitherto,  appropriations  have 
been  in-ep:ularly  made,  largely  through  the  influence  of  local  or  sectional 
interests  and  without  a  general  purpose  ;  that  their  expenditui-e  has  been 
delegated,  like  all  irregular  appropriations,  to  one  of  the  departments  for 
disbursement ;  that  this  disbursement  has  been  assigned  to  a  military 
bureau,  not  organized  for  civil  work,  and  having  no  legislative  status 
therefor ;  that  this  has  not,  and  cannot,  for  reasons  not  generally  under- 
stood, be  satisfactory  ;  that  various  interests  have  inaugurated  the  idea 
of  commissions  wliich,  however  well  adapted  to  particular  purposes,  tend 
to  an  undesirable  end  ;  and  that  action  should  be  taken  looking  to  a 
rational  policv  and  the  provision  of  a  special  organization  for  its  ex- 
ecution. 

The  general  character  of  an  organization  which  would  seem  to  be 
adapted  to  the  requirements  of  our  great  territory  has  been  outlined, 
and  ideas  advanced  as  to  the  best  method  of  attaining  its  consummation. 
It  has  been  shown  how  all  projects  may  be  presented  in  accordance 
with  a  well  advised  plan,  thus  doing  away  with  the  unseemly  strife  of 
section,  locality  and  district,  and  how  great  results  may  be  attained  for 
the  common  weal  through  a  system  of  public  improvements.  While  it 
is  our  privilege  and  duty  as  citizens  to  discuss  these  matters,  having 
ireached  our  conclusions,  it  is  incumbent  upon  us  as  professional  men  to 
point  out  the  road  to  a  solution. 

It  is  evident  that  the  consideration  of  this  subject  involves  many  com- 
plex questions.  The  work  which  is  to  be  performed  must  be  well  under- 
stood. An  organization  which  will  secure  the  highest  professional 
results  and  be  in  harmony  with  the  genius  of  our  institutions  must  be 
provided,  and  the  legislation  adapted  to  its  needs  well  outlined.  When 
the  main  requirements  have  been  studied,  experience  abi'oad,  so  far  as 
it  may  have  a  bearing,  should  be  considered,  and  conclusions  so  matured 
as  to  eliminate  purely  individual  opinion. 

It  is  believed  that  the  whole  matter  is  in  such  shape  as  to  make  it  im- 
practicable to  attain  a  definite  system  by  a  gradual  change,  or  a  species 
of  growth.  It  will  require  time  to  bring  those  concerned  to  a  full 
realization  of  the  state  of  affairs  and  to  an  agreement  as  to  a  wise  course 
to  follow.  To  fly  from  the  evils  we  have  to  those  we  know  not  of,  can 
be  ill  afforded. 

Therefore,  it  would  seem  wise  of  Congress  to  provide  a  board  of  Army 
and  Civil  Engineers,  acquainted  with  this  matter  and  realizing  the  neces- 
sity for  a  change,  to  consider  the  whole  question  of  legislation  and 
organization.  Such  a  board  could  collate  all  the  thought  pertinent  to  the 
subject,  and  present  its  conclusions  with  recommendations  for  the  con- 
sideration of  Congress, 
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As  engineers,  we  would  feel  confident  that  tlie  suhjeet  would  be 
handled  as  wisely  as  could  be  provided  for.  and  that,  for  a  jmrely  i)rofe3- 
sional  organization,  Congress  would  give  heed  to  the  conclusions. 

SUGGESTIONS  FOR   A   "DEPARTMENT   OF   PUBLIC   WORKS." 

The  executive  departments  of  the  government  present  a  curious  medley 
of  bureaus  designed  for  sundry  and  various  useful  and  special  purposes. 
Of  the  seven  great  departments,  tliree,  those  of  State,  Justice  and  the  Post- 
Office,  confine  themselves  strictly  to  their  special  work.  The  Navy  De- 
partment indulges  in  occasional  canal  surveying.  The  War  Department 
takes  upon  itself  Meteorology,  Geograplucal  and  Geodetic  surveys  and 
Internal  Improvements.  The  Treasury  has  a  Light-House  establishment, 
a  Coast  and  Geodetic  survey,  a  Public  Buildings  bureau,  a  Marine  Hos- 
pital sei-vice,  a  Bureau  of  Statistics,  a  Steamboat  Inspection  service,  a 
Life  Saving  service,  a  Revenue  Marine,  etc.  The  Interior  has  a  Fish 
Commission,  Geological  surveys.  Patents,  Tiand  surveys.  Pensions,  Indian 
Affairs,  Census,  Pacific  Railway  Commission,  Capitol  Budding,  etc. 

It  is  apparent  that  the  majority  of  these  assignments  are  utterly  incon- 
gruous. They  have  frequently  come  about  through  the  recommendation 
of  cabinet  officers,  under  the  initiative  of  some  ambitious  and  stirring 
subordinate.  Some  of  these  bureaus  are  misplaced  or  in  the  wrong 
department  and  could  be  transferred  with  good  results,  while  other  de- 
partments should  be  confined  strictly  to  the  work  for  which  they  were 
organized.  Why  the  Treasury  should  concern  itself  with  other  matters 
than  those  of  finance,  or  the  Navy  and  War  Departments  indulge  in  work 
foreign  to  their  purpose,  is  anomalous.  The  special  bureaus  cannot 
assimilate  the  general  service  of  the  departments.  It  is  not  easy 
to  provide  the  special  organization,  rules  and  supervision,  which  may 
be  required.*  These  bureaus  become,  in  nature,  petty,  semi-independent 
satrapies. 

That  it  would  be  wise  to  segregate  all  our  technical  bureaus,  or  those 
requiring  scientific  and  constructive  skill,  from  their  present  unrelated 
departments,  and  aggregate  them  in  a  department  by  themselves,  can- 
not be  seriously  questioned.  Harmony  in  organization,  regulations  well 
adapted  to  the  work,  proper  supervision,  and  the  interchange  of  special 
experience,  would  all  be  promoted.  Such  a  department  would  have  its 
various  purely  scientific  bureaus,  its  bureau  of  surveys,  of  architecture, 
of  internal  improvements,  etc.,  all  based  on  such  a  thorough  civil  ser- 
vice as  must  result  where  technical  attainment  is  uniformly  required. 

Some  of  the  bureaus  referred  to  have  been  the  [subject  of  agitation 
with  a  view  to  better  or  more  rational  methods.  Sooner  or  later  all 
these  interests  must  centre  about  the  common  idea  of  a  department. 


The  adoption  of  a  consistent  policy  toward  our  public  works  and  the 
provision  of  an  organization  especially  adapted  to  their  requirements,  is 

*  The  more  onerous  duty  of  properly  supervising  a  technical  bureau  is  noted  in  a  re- 
cent report  of  a  committee  of  the  National  Academy  of  Sciences.  Irregular  methods 
of  business  are  encouraged  by  general  regulations  which  cannot  be  adapted  to  the- 
special  requirements. 
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a  purpose  in  wliich  the  engineers  of  oui  country  can  unite  for  the  highest 
public  good. 

At  the  same  time,  the  status  of  our  profession  may  be  promoted  in 
greater  degree  than  by  the  solution  of  any  other  problem  of  our  time  to 
which  we  may  lend  our  consideration  and  effort. 


A  DESCRIPTION  OF   THE   CHARLOTTESVILLE  WATER- WORKS, 
ALBEMARLE   CO.,  VA. 

By  Edward  D.  Bolton. 
LRead  before  the  Boston  Society  of  Civil  Engineers,  Noveniber  16,  1885.J 

Charlottesville  is  the  shire  town  of  Albemarle  County,  Virginia.  It 
has  witiiin  the  corporation  limits  a  population  of  about  3,500.  The  Uni- 
versity of  Virginia  is  located  just  ovxtside  the  corjjoration,  and  this, 
with  the  students  and  persons  connected  therewith,  together  with  the 
people  living  in  the  immediate  vicinity,  comprise  about  2,000  more.  The 
town  and  University  having  united  in  the  introduction  of  water,  pro- 
vision is  made  for  supplying  a  population  of  5,500  and  a  future  growth. 

The  plan  adopted  is  that  generally  known  as  the  "  gravity  system." 
A  dam  has  been  built  across  a  deep  and  narrow  valley  in  the  Ragged 
Mountains,  about  5|  miles  beyond  the  town,  through  which  a  stream,  fed 
by  springs,  flows,  and  a  pipe-line  has  been  laid,  passing  through  Univer- 
sity grounds,  to  the  town.  The  sides  of  the  valley  are  very  steep  and 
underlaid  with  ledges,  and  are  covered  for  the  most  part  with 
grass  and  timber,  a  small  area  of  cultivated  land  lying  farther 
up  the  valley  and  above  high-water  level.  The  stream  flowing 
through  the  valley  will  furnish,  in  ordinary  seasons,  a  supply 
far  beyond  the  present  demand,  but  provision  has  been  made 
to  store  the  surplus^  rain-fall  as  well,  and  the  reservoir  has  such  stor- 
age capacity  that  it  will  carry  the  town  through  any  possible  drought. 
The  dam  is  45  ft.  high  above  the  level  of  the  meadow  and  530  ft.  long, 
and  the  reservoir  has  a  water  area  of  32  acres  at  high-water  level,  and  a 
capacity  of  189,000,000  gallons.  It  is  built  of  earth,  with  a  core  of  rubble 
masonry  through  the  centre,  well  laid  in  cement,  and  pointed  on  the 
inner  or  w^ater  side  with  Portland  cement.  This  core  is  8  ft.  wide  at  the 
base  at  the  lowest  point,  the  width  at  the  base  varying  wdth  the  height, 
and  4  ft.  wide  on  top.  The  foundation  in  the  centre  is  about  15  ft.  below 
the  general  sm-face  of  the  meadow  and  10  ft.  wide.  The  materials  at  the 
bottom  of  the  foundation  are  solid  rock,  very  compact  rotten  rock,  and 
clayey  gravel.  Where  the  gravel  and  the  softer  portions  of  the  rotten 
rock  were  found  a  bed  of  concrete,  30  inches  deep  and  j2  ft.  wide,  was 
put  in,  and  the  masonry  started  from  this.  The  concrete  was  also 
brought  up  on  the  inner  side  of  the  wall  to  the  original  surface  of  the 
ground  in  places  according  to  the  character  of  the  soil.  The  stone  used 
was  a  granite  (luarried  near  the  site  of  the  dam,  and  was  very  hard  and 
compact,  the  finer  grained  stone  bemg  reserved  for  the  gate-house.  The 
cement  used  wa.s  the  "  James  Rirer"  brand,  manufactured  by  H.  O. 
Locher  &  Co.,  at  Balcony  Falls,  Va.,  and  gave  very  good  results.  The 
■earthwork    is   12  ft.  wide  on  top   and  about  190  ft.  at  the   bottom,  tlie 
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slopes  being  H  to  1  on  tlie  outside,  and  Q  to  1  on  the  inside,  tlie  inner 
slope  being  broken  by  a  berme  7  ft.  wide  about  midway  from  top  to 
bottom,  and  I  he  upper  slope  being  paved. 

As  the  masonry  was  carried  up.  the  earth  was  put  in   place  in  layers 
and  thoroughly  rolled  with  a  grooved  roller,  being  wet  when  necessary, 
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WASTE    WEIR. 

LONGITUDINAL  SECTION- 

to  make  it  compact.  All  the  teaming  was  done  over  the  embankment, 
and  made  to  cover  as  much  ground  as  possible,  to  avoid  rutting.  After 
the  earthwoi'k  was  brought  up  to   its  full   height,  the  outer  slope  was 
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dressed  down,  the  top  of  the  dam   leveled,  and  top  soil  was  put  on,  nine 
inches  in  depth,  and  the  whole  outer  slope  and  top  seeded. 

The  gate-house,  which  is  set  out  into  the  pond,  is  built  of  the  finer 
grained  stone,  with  quarrj^  faces  and  squared  joints.  It  is  arranged 
with  two  chambers,  either  of  which  can  be  used  independentlj'  to  supply 
water  thi'ough  the  pipe  line  to  the  town.  It  is  14  f1.  by  27  ft.  on  the  to|i, 
the  chambers  being  8  ft.  bj'  10  ft.  and  8  ft.  by  8  ft.,  divided  by  a  partition 
wall  3  ft.  thick,  and  all  the  walls  are  3  ft.  wide  at  the  top.  The  dimen- 
sions at  the  bottom  are  22   ft.  by  37  ft.,  and  the  foundation,  24  ft.  by  38 
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ft.,  rests  upon  a  bed  of  vt-ry  compact  rotti-n  rock,  T,-'„  ft.  l)clow  the  Hoor 
of  the  chaiuhers. 

To  atlmit  water  to  the  chambers,  six  12-inoh  cast-iron  flanged  pipes 
are  built  into  the  masonry  at  different  heights,  each  provided  with  a 
gate  bolted  to  it  to  control  tlie  flow  of  water  through  them,  so  that  the 
water  may  be  taken  from  near  the  surface,  where  the  water  is  clearer 
and  freer  from  sediment. 

In  this  section  of  the  countrj-,  after  heavy  rains,  all  the  streams  and 
ponds  are  every  much  discolored  by  the  reddish  clay  carried  along  by 
the  water,  but  which  gradually  settles  out.  Therefore,  the  best  and 
clearest  water  will  always  be  found  nearest  the  siurface,  and  to  supply 
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water  to  the  town  the  inlet  pipe  just  below  the  water  would  be  opened 
to  allow  water  to  enter  the  chamber.  Coj)per  wire  nettings,  secured  to 
plates  so  arranged  that  they  may  be  dropped  over  the  inner  flange  of  the 
gates  from  the  screens.  These  can  be  easily  removed  and  cleaned,  as 
they  are  light  and  convenient  to  handle,  and  as  the  pipe  opened  is  always 
under  the  water,  they  are  not  liable  to  catch  rubbish,  such  as  leaves  and 
sticks,  or  to  need  frequent  cleaning. 

The  supply  pipes  to  the  town  are  10-in.  flanged  pipe,  two  to  each 
chamber,  each  provided  with  a  gate.  These  pipes  are  carried  through 
the  masom-y  of  the  gate-house,  under  the  dam  through  the  qulvert,  and 
brought  together  just  beyond  the  foot  of  the  outer  slope  into  one  pipe 
leading  tc  the  town.  These  are  so  left  that  an  additional  line  can  be 
caiTied  to  the  town  when  it  becomes  necessary,  without  disturbing  the 
work  in  the  gate-house  or  dam. 

To  empty  either  chamber,  there  are  two  lines  of  24-in.  flanged  pipe, 
fitted  with  gates,  one  line  running  directly  from  the  first  chamber  to 
the  waste  culvert,  which  passes  through  the  dam  to  the  meadow  below 
into  the  bed  of  the  brook  ;  and  the  other  from  the  first  chamber  to  the 
second,  and  then  from  the  second  to  the  waste  culvert,  thus  connecting 
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the  two  chambers,  and  also  allowin<?  the  second  chambsr  to  be  emptied 
independently  of  the  lirst.  If  it  is  necessary  to  draw  all  the  water  out 
of  the  reservoir,  the  gates  on  both  these  lines  of  24-in  pipe  can  be  opened 
and  the  water  will  be  drawn  completely  down  to  the  bed  of  the  original 
brook.  The  gates  used  are  the  ordinary  pattern  of  flanged  water-gates, 
and  were  furnished  by  the  Coffin  Valve  Company,  of  Boston. 

At  present,  only  a  single  line  of  10-inch  cast-iron  pipe  runs  to  the 
town,  which  is  reduced  after  taking  off  a  6-inch  distribution,  to  an  8-inch 
along  the  main  street  to  the  farther  end  of  the  town.  The  distribution  is 
made  with  6-inch  and  4-inch  pipes,  which  are  connected  together,  with 
the  exception  of  two  lines,  where  it  was  not  practicable  to  do  so,  to 
insure  complete  circulation. 

There  were  Oj%  miles  of  10-inch,  fo  oi  a  mile  of  8  mch.  1 1«„  miles  of 
6-inch,  and  It^^t  miles  of  4-inch,  a  total  of  9f,y  miles  of  pipe  laid.  There 
were  also  139  specials,  42  stop  gates.  38  double-nozzle  fire  hydrants  and  7 
single-nozzle  fire  hydrants  set.  On  the  main  5  single-nozzle  hydrants 
■were  used  as  air-cocks,  and  gates  were  put  in  about  a  mile  apart,  thus 
dividing  the  line  into  sections.  The  gates  and  hydrants  were  furnished 
by  the  Chapman  Valve  Manufacturing  Company,  of  Boston,  and  the  pipe 
and  specials  by  the  Warren  Foundry  and  Machine  Company,  of  New 
York.  The  work  on  dam  and  reservoir  was  commenced  March  26tb  and 
completed  October  27th.  It  was  done  under  contract  by  McConnell  & 
Hickler,  of  Buffalo,  N.  Y.,  and  cost,  including  fittings  lor  gate-house  and 
incidentals,  $49,293.99. 

The  pipe  line  was  commenced  April  6th  and  finished  early  in  July.  It 
was  contracted  for  by  Trumbull  &  Cheney,  of  Boston,  and  cost,  including 
pipe,  gates,  hydrants,  etc.,  $49,475.35.  Land  damages,  right  of  way,  and 
incidentals  brought  the  grand  total  to  $107,831.62.  For  house  services  we 
have  used  1-incli  and  f-inch  tar-coated  wrought  iron  pipe,  with  lead  con- 
nections where  the  services  start  from  the  mains. 


AMOUNT    OF    HORSE-POWER    USED   IN   PROPELLING  STREET 

CARS. 


By  Augustine  W.  Wright.  Member  of  the  Western  Society  of  Engineers. 
[Read  November  2,  1885.] 


At  the  present  time  great  interest  is  manifested  by  street  railway  com- 
panies regarding  the  qiiestion  of  the  substitution  of  some  motive  power 
to  propel  their  cars  other  than  horse-flesh.  The  various  systems,  electri- 
cal, cable,  compressed  air,  Honigman,  steam  dummies,  etc.,  etc.,  are 
prominently  before  the  public,  and  each  for  itself  claims,  if  not  perfec- 
tion, certainly  that  it  is  better  than  any  other  system. 

It  appears  to  me  that  great  ignorance  exists  upon  the  part  of  inventors 
and  street  railway  companies  themselves  as  to  the  amount  of  power  re- 
quired to  start  a  street  car  and  to  maintain  it  in  motion  vmder  average 
conditions.  The  following  is  an  attempt  toward  a  solution  of  this  prob- 
lem. We  will  begin  with  horse-power  :  Watt's  experiments,  made  with 
large  horses  of  the  London  brewers,  gave  33,000  pounds  raised  one  foot 
high  in  one  minute  as  the  power  exerted  by  an  average  horse,  and  this, 
as  you  all  know,  is  the  allowance  in  figuring  engine  power.     This  is   on 
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tlie  assumption  that  a  horse  can  exert  a  force  of  150  pounds  over  20  miles 
per  iliem  at  the  rate  of  220  feet  per  minute,  or  2^  miles  per  hour  during 
8  hours.  But  the  horse's  power  is  very  variable  at  different  speeds. 
Tredj^old's  experiments  p;ave  125  pounds;  Smeaton.  100  pounds:  Katchette, 
12H  juninds  ;  all  20  miles  per  diem  at  2^  miles  per  hour.  Gayffier  fixed 
the  power  of  a  strong  draught  horse  at  148  pounds,  22  miles  per  diem  at 
2'^  miles  per  hour,  and  an  ordinary  horse,  121  pounds  for  25  miles  per 
diem  at  2A  miles  per  hour. 

As  the  sjjeed  of  a  horse  increases  his  power  of  draught  diminishes  very 
rapidly,  until  at  last  he  can  only  move  his  own  weight. 

The  following  table  si  ows  the  results  obtained  bj'  different  authors  ; 
those  of  Tredgold  being  for  six  hours'  daily  labor,  and  those  of  Wood  for 
ten  hours  : 

Velocity.  /—Tests  of  draught  according  to^ 

Miles  per  hour.  Leslie.  Tredgold.  Wood. 

2 100  1G6  125 

3 81  125  83 

4 64  83  62 

5 49  42  50 

6 36  ..  43 

7 25  ..  m 

8 16  ..  81 

9 9  ..  28 

10 4  ..  25 

Fi-om  the  above  table,  it  appears  that,  according  to  Wood,  at  4  miles 
per  hour  a  horse  can  draw  only  half  his  load  at  2  miles  ;  at  8  miles,  only 
a  (quarter,  etc. 

Sir  John  Macuiel  estimates  his  power  at  60  lbs.,  moved  8  miles  per  diem 
at  same  velocity  (Gillespie).  Wood's  Practical  Treatise  on  Railroads  con- 
tains an  interesting  chapter  on  horse-power.  He  made  many  experi- 
ments. He  quotes  an  interesting  memorial  to  the  House  of  Commons, 
May  3,  1830,  from  the  proprietors  of  various  (33)  stage  coaches  running 
out  of  Liverpool,  employing  709  horses.  These  horses  traveled  an  average 
distance  of  18  miles  daily,  at  a  speed  not  exceeding  10  miles  per  hour,  and 
the  stock  had  to  be  renewed  every  three  years. 

Tredgold  as-signed  37  pounds  as  the  power  that  a  horse  should  exert 
over  a  distance  of  10  miles  in  a  day  at  a  velocity  of  10  miles  per  hour,  or 
one  liours  work.  This  was  founded  upon  his  experiments  on  stage  coach 
horses.     They  endured  this  service  only  three  years. 

The  speed  of  North  Chicago  City  railway  cars  is  6  miles  per  hour,  in- 
cluding stoppages,  and  the  average  time  of  service  is  reckoned  at  five 
years  for  each  horse,  traveling  upon  selected  cobble  stone  pavement. 
Before  the  cobble  stone  wasadopted  the  average  railway  service  was  four 
years  per  horse.  The  chief  street  railways  of  the  United  States  estimate 
the  railroad  life  of  their  horses  at  from  three  to  five  years. 

May  17th.  1«81,  I  had  the  honor  of  addressing  you  on  "  The  Best  Pave- 
ment for  Horse  Railroad  Tracks."  Permit  me  to  quote  from  that  paper. 
■'  I  recently  made  the  following  tests  of  the  force  required  to  start  car 
110  of  the  North  Chicago  City  Railway  Co.  and  to  keep  it  in  motion  after 
it  was  under  way,  using  a  Fairbanks  dynamometer.      The  track  has  a 
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grade  of  two-tentbs  of  a  foot  per  hundred.  (This  grade  is  up  and  down, 
chai!ging,  say,  each  250  lineal  feet,  and  is  compensated,  as  the  observa- 
tions were  taken  upon  up  and  down  grades.)  The  track  was  not  free  from 
sand.  Between  Chicago  avenue  and  North  avenue,  on  Clark,  Division 
and  Clybourn  avenues,  88  tests  with  an  average  of  14.8  passengers, 
weighing  ^estimated  at  140  lbs.),  with  car,  6772  lbs.  The  force  required  to 
keep  the  car  irf  motion  at  an  average  speed  of  five  miles  per  hour,  in- 
cluding stops,  averaged  109.5  lbs.,  or  per  ton  82.3  lbs.  This  is  on  an  old, 
worn-out  iron  rail.  Between  Chicago  avenue  and  Madison  street,  on 
Clark,  on  new  steel  rail,  53  tests,  with  an  average  of  20.9  passengers,  gave 
59.8  lbs.  as  the  force  requii-ed  to  keep  the  car  in  motion.  This  is  an 
average  of  15.6  lbs.  per  ton.  The  car  made  17  starts  on  this  track  with 
an  average  of  18.7  passengers.  Average  force  exerted  to  start,  426.5  lbs. 
Averai?e  per  ton,  116.5  lbs.  On  the  first  mentioned  track,  30  tests,  with 
an  average  of  18.1  passengers,  gave  an  average  force  of  487  lbs.;  average 
per  ton,  134.6  lbs. 

Recapitulited,  the  force  exerted  per  ton  was,  in  pounds  : 

On  good  track,  to  start,  116.5  :  to  keep  in  motion.  15.6. 
On  bad  track     "        "     134.6 ;     "  "  "        33.3. 

These  tests  indicate  the  great  loss  of  power  entailed  by  bad  track, 
and  also  the  great  loss  in  starting  ;  and  the  better  the  track,  the  greater 
the  relative  loss  in  starting.  On  the  poor  track,  134.6  lbs.  per  ton  was 
exerted  to  start,  and  this  is  4.1  times  the  force  required  to  keep  the  car 
in  motion.  On  good  track,  116.5  pounds  was  the  force  required  to  start, 
but  this  is  7.1  times  the  force  required  to  keep  the  car  in  motion. 

Upon  the  North  Chicago  City  Railway,  the  average  weight  of  car  and 
its  load  is  7,740  pounds,  or  in  short  tons,  3.87.  Passengers  averaged  a^ 
140 pounds.  Our  track  is  now  all  good.  The  average  force,  therefore, 
exerted  in  propelling  one  car  is  3.87  X  15.6  =  60,372  pounds  when  the  car 
is  in  motion, 'and  3.87  X  116.5  =  450.855  pounds  force  to  start.  The  horses 
average  137.97  minutes,  service  per  diem.  One  hundred  and  three  tests 
upon  17  different  cars,  open  and  close,  on  various  lines  with  different 
drivers,  made  by  me  on  different  days  and  hours,  give  the  following 
average  for  the  horses  :  Time  consumed  in  stopping,  during  which  7io 
power  is  exerted  by  the  horse,  13. "^'2  minutes.  Time  from  starting 
until  average  speed  is  reached,  7.88  minutes. 

Now  the  liorses  average  as  per  above  137.97  minutes  daily  service. 

Deducting  time  they  are  not  exerting  force,  13.L'2  minutes  daily  service. 

Leaves  actual  work,  124.75  minutes  daily  service. 

Of  this  power  is  exerted  to  maintain  motion,  116.87  minutes  daily  ser- 
vice. 

And  extra  power  is  exerted  during  7.8S  minutes  daily  service. 

The  horse  power,  therefore,  exerted  in  propelling  a  North  Chicago 
railroad  car  with  its  average  load  by  a  team  in  its  average  dav's  work  is  • 

450.855  X  311.5  X   7.88         oo  -,  „   t^     f     .• 
33000 ~    33.  o3  H.  P.  startmg. 

60.372  y   623   X    116.87 
S3000 ~  133.22  H.  P.  maintaining  motion. 

Total 166.75  H.  P. 

This  is  used  during  137.97  minutes,  average  per  minute,  1.208  H.  P. 
per  team  ;  or  for  each  horse,  604  H.  P. 
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Upon  a  poor  track,  my  previously  (juoted  expsrimente  show  that  this 
power  wouM  be  about  (l(nil)k'(l,  or  2.4  H.  P.  would  I  e  used  per  average 
car.  About  I  of  the  horse  power  is  used  in  starting  the  car  (20.1  per 
cent.).  Mr.  Angus  Sinclair  experimented  upon  the  Third  Avenue  Elevated 
Railroad,  New  York,  and  estimated  that  the  average  pull  on  the  draw- 
bar was  five  times  greater  than  it  would  have  been  if  the  motion  of  the 
train  could  have  been  continuous.     See  National  Car-Builder. 

A.  M.  Wellington  found  by  his  experiments  that  the  initial  friction  in 
starling  trains  of  loaded  cars  was  5.47  times  that  required  to  keep  them 
in  motion  at  a  speed  of  10  to  15  miles  per  hour.  See  Trans.  A.  S.  C.  E., 
December,  1884.  Charles  E.  Emory,  Ph.  D.,  found  11.8  pounds  per  ton 
of  2,000  i>ounds  to  be  the  resistance  on  sti'aight  and  level  track  in  New 
York.  This  is  less  than  my  average,  but  his  tests  were  probably  made  on 
a  centre-bearing  rail,  the  usual  rail  in  New  York,  and  this  we  know 
offers  less  resistance  to  progress,  as  the  head  is  comparatively  clean, 
while  the  step-rail  head  upon  which  I  exj^erimented  was  level  tcith  the 
adjoining  outside  jMivenient,  and  consequently  covered  more  or  less  with 
sand  and  dirt. 

D.  K.  Clarke,  in  his  work  on  tramways,  states  that  H.  P.  Holt  found 
the  resistance  per  gross  ton  on  straight,  level  track  varied  from  15  to 
40  lbs.  ;  Henry  Hughes,  26  lbs. — often  much  more,  occasionally  less  ;  M. 
Tresca,  22.4  lbs.  per  ton.  Subsequently  M.  Tresca  removed  two  flanged 
■wheels  on  one  side  of  the  car,  and  then  found  the  resistance  15.25  lbs. 
Mr.  Clark  assumes  20  lbs.  per  ton,  and  says  at  times  it  is  40  lbs.  per  ton, 
"  An  average  of  30  lbs.  per  ton  may  be  taken  for  the  calculation  of  the 
ordinary  tractive  force."  In  liis  second  volume  he  states  :  "  The  average 
resistance  (30  lbs.  per  ton),  already  in  the  first  volume  adopted  for  calcu- 
lation, may  be  re-adopted,  although  an  occasional  maximum  of  60  lbs. 
per  ton  may  be  i-eached,  and,  on  the  contrary,  a  minimum  of  15  lbs.  per 
ton  when  the  rails  are  wet  and  clean,  straight  and  new. 

Mr.  Clarke's  remarks  refer  to  grooved  rails,  which  offer  greater  resist- 
ance than  the  step  rail.  General  Gilmore  estimates  this  resistance  at 
16f  lbs.  per  short  ton  with  track  in  average  condition  for  United  States. 
Mr.  C.  B.  Holmes,  President  and  Superintendent  Chicago  City  Railway, 
stated  that  his  cable  railway  required  for  ordinary  operations  engines  of 
477  horse-power  ;  of  that  it  took  389  horse-power  to  move  the  cable  and 
machinery.  Eighty-eight  horse-power  (18^  per  cent.)  was  used  for  the 
propulsion  of  240  cars,  weighing  6,000  lbs.  each,  and  carrying  eajh  5,000 
lbs.  of  passengers.  The  average  speed  was  9  miles  per  hour,  or  792  feet 
per  minute.  This  statement  would  indicate  that  only  ^^j,  =  .367  horse- 
pov.'cr  per  car  was  required,  while  my  experiments  would  give  :  as  3.87 
(my  average  load)  is  to  5.5  (his  average  load),  so  is  1.208  horse-power 
(used  by  me)  to  1.71  horse-power  required. 

There  must  have  been  some  mistake  in  his  test,  for  .367  horse-power  = 
12,111  foot-pounds.  As  his  speed  is  792  feet  per  minute,  the  tractive  force 
exerted  would  be  only  15.29  pounds  for  5.5  tons,  a  resistance  of  less  than 
3  pounds  per  ton  (2.78  pounds),  Avhich  is  impossible  upon  a  step  rail. 

Our  fellow-member,  D.  J.  Miller,  M,  E.,  while  employed  upon  the 
above-mentioned  cable  railway,  made  experiments  upon  the  horse-power 
used.     He  found  that  at  an  average  speed  of  6.85  miles  per  hour  or  602.8 
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feet  p^r  minute.  1  horse-power  was  required  for  each  ton  of  cable  and 
machinery  and  .2  of  a  horse-power  for  each  ton  of  car  and  its  passen- 
gers. For  my  average  load  of  3.87  tons,  this  would  equal  .774  horse- 
power, instead  of  1.2  horse  power  as  estimated  by  me.  Mr.  Miller's  .2 
horse-power  =  6,600-foot  pounds.  His  averap:e  speed  being  602.8  feet  per 
minute,  liis  resistance  to  traction  could  have  been  only  10.95  pounds,  in- 
cluding starting  the  cars.  This  is  3.94  times  the  resistance  found  by  Mr. 
Holmes,  but  nearly  30  per  cent,  less  than  ray  experiments  would  indicate. 
Mr.  Miller,  however,  asNiimed  the  weight  of  passengers,  having  no  count 
of  their  number,  and  must  have  overestimated  the  load  and  experi- 
menied  with  the  track  unusually  clean.  My  average  of  15.6  pounds  per 
ton.  agreeing  so  nearly  with  that  of  M.  Tresca,  15.25,  as  above 
quoted,  confirms  my  opinion  that  it  cannot  be  far  wrong.  While  it  is  true 
that  M.  Tresca's  experiment  quoted  was  with  only  one  flanged  wheel 
upon  each  axle,  yet  that  wheel  traveled  in  a  grove,  and  the  resistance 
could  not  vary  much  from  my  two  flanged  wheels  not  in  a  groove.  The 
car  wheels  in  Chicago  are  HO  inches  in  diameter.  The  horses  of  the  North 
Chicago  Railway  weigh  about  1,100  lbs.  each.  The  speed  at  which  they 
ti-avel  upon  the  road  averages  628  feet  per  minute  or  7.08  miles  per  hour. 
Their  average  horse-power  developed  being  each  .604  horse-power,  equals 
19.932  foot-pounds.  Divided  by  623,  the  distance  per  minute,  gives  31.99 
lbs.  tractive  force.  Leslie's  estimate  at  7  miles  per  hour  was  25  lbs. 
Wood's  estimate  was  36  lbs.,  at  the  same  speed. 

Our  horses  work  daily  2  hours  17.97  minutes,  but  seven  days  in  the 
week,  unless  prevented  by  some  unforeseen  cause. 

I  have  neglected  extra  resistance  caused  by  curves,  because  our  lines 
are  chiefly  tangents,  and  it  is  very  difficult  to  measure  the  force  exerted 
upon  curves,  for  it  varies  greatly  between  400  and  1,000  lb?.,  upon  the 
dynamometer  with  the  same  car  and  load.  My  tests  were  so  unsatisfac" 
tory  upon  curves  that  I  havethoughtit  best  to  omit  them  entirely.  Then, 
too,  the  hor^e  walks  around  the  curve,  and  the  lessened  speed  in  a  meas- 
ure offsets  the  increased  resistance. 

The  greatest  exertion  of  force  iqwn  a  tangent  during  my  dynamometer 
experiments  occurred  in  starting  a  loaded  car.  It  was  1,500  lbs.  average 
per  ton  283.5  lbs.  Passing  through  some  slush,  caused  by  snow  thrown 
upon  the  track,  it  equaled  75.6  lbs.  per  ton. 

In  estimating  for  any  independent  motor  to  propel  a  street  car  upon 
the  North  Chicago  Railway,  I  would  take  the  maximum  load  and  resist- 
ance. I  have  known  of  120  passengers  upon  an  open  car.  Averaging 
them  at  140  lbs.  each,  equals  16,800  lbs.  ;  car,  4,800  lbs.  ;  total,  21,600 
lbs.,  or  10.8  short  tons.    Speed  in  starting,  0  to  623  feet  per  minute  ;  aver- 

....        10.8  tons  X  311.5  feet  X  283.5  lbs.         ,„  „    ,  „  ,.^ 

age,  311.0. sTnfin ~  horse-power  le- 

quiied  :  a  small  portion  of  this  power  would  be  constantly  employed,  but 
it  must  be  in  reseive.  With  the  electric  or  cable  system  no  such  allow- 
ance would  be  required,  for  the  reason  that  this  excess  of  power  is  only 
needed  to  start  the  car,  and  my  experiments  indicate  that  the  car  is 
starting  only  one-seventeenth  of  the  lime,  while  it  requires  no  power  one- 
tenth  of  the  time.  I^or  each  17  cars  upon  a  line,  therefore,  it  would  be 
necessary  to  furnish  power  to  start  one  car  and  to  maintain  sixteen  cars 
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in  motion,  less  the  power  wlien  stationary,  as  it  is  not  jnoljaMe,  nor  is 
it  necessary,  that  all  slioukl  start  at  the  same  instant. 

Duriutr  my  experiments  tlie  oars  stopped  upon  an  average  eaeh  1,178 
lineal  feet.  We  stop  only  at  street  intersections,  or  at  the  centre  of  blocks 
more  than  oOO  feet  long. 

The  following  returns  are  taken  from  the  sixteenth  annual  report  of  the 
Massachusetts  Board  of  Railroad  Commissioners  : 


Name  of  Railroad. 

Numbei- 

of  horses 

owned. 

Number  of  miles 
run. 

Number  of  passen- 
gers carried. 

Average 
no.  passen- 
gers per 
round  trip. 

Highland 

909 

608 

3183 

601 

857 

1,670,347 
1,052,296 
6,046,879 
1,047,411 
1,470,261 

10,452.441 
6.3()  1.009 

34.574.135 
7,099,892 
9,706,299 

43 

Lvnn  i.^-  Boston 

Jfeti'opolitan 

Middlesex 

50 
38 
45 

South  Boston 

41 

Total 

6158 

11,287,196 

68,196,776 

Average, 
43.4 

From  the  above  it  appears  that  the  stable  average  daily  distance  traveled 
by  the  above  horses  equals  10.04  miles,  found  by  dividing  total  number  of 
miles  run  by  total  number  of  horses,  and  this  by  365  and  multiplying  by  2 
11,287,196  X  2        .... 

6158X36,5~=^Q-'^^- 

The  average  number  of  passengers  for  these  five  railroads  per  round 
trip  being  43.4  per  single  trip,  equals  21.7.  Averaging  them  at  140  pounds, 
equals  3,038  pounds.  Add  weight  of  car,  4,800  pounds,  equals  7,838 
pounds,  or  3.919  short  tons,  which  is  in  excess  of  my  avei-age  load  of  3.87 
tons. 

It  is  fair  to  assume  that  these  horses  are  worked  to  the  best  advantage 
and  that  this  is  all  that  can  be  expected  of  a  horse  upon  a  tramway. 

The  stables  of  the  North  Chicago  Railway  are  located  at  or  near  one 
end  of  each  line.  The  horses  are  in  excellent  condition.  Their  mileage 
could  not  be  increased,  even  if  it  was  thought  desirable,  unless  they  were 
changed  from  car  to  car  upon  the  road,  and  this  w^ould  cause  delay  and 
inconvenience.  They  now  make  two  round  trips  and  could  not  make 
more  without  adding  50  per  cent,  to  the  distance  they  now  travel  or 
changing  upon  the  road. 
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BOSTON   SOCIETY  OF   CIVIL   ENGINEERS. 


November  18,  1885  :— A  regular  meeting  of  the  Boston  Society  of  CivU  En- 
gineer was  held  and  called  to  order  at  7:45  p.  m.  ,  Vice-President  L.  Frederick 
Rice  in  the  chair,  thirty-uine  members  and  three  visitors  being  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  Secretary  reported  that  the  Committee  on  the  Convention  of  the  American 
Societj' of  Mechanical  Engineers  had  attended  to  its  duty  as  directed,  and  that 
about  eighty  copies  of  the  pamphlet  on  the  Boston  Main  Drainage  "Works  had 
not  been  distributed.  The  report  of  the  Committee  was  accepted  and  the  Com- 
mittee discharged. 

On  motion,  it  was  voted:  That  the  Secretary  be  instructed  to  send  a  copy  of  this 
pamphlet  to  the  members  of  the  Society  present. 

The  Committee  on  the  Relation  of  Army  and  Civil  Engmeers  in  the  Govern- 
ment Service  presented  a  report  giving  all  attainable  information.  On  motion, 
the  report  of  the  Committee  was  accepted. 

On  motion  of  Mr.  Fred .  Brooks  it  was  voted  :  That  the  committee  be  authorized 
to  send  a  delegate  to  the  Convention  at  Cleveland,  and  that  the  delegate  be  in- 
structed to  collect  information  and  report  to  the  Society. 

The  report  of  the  Committee  on  furnishing  room  was  presented  verbally,  and 
further  time  granted. 

On  motion  of  Mr.  Henry  Manley,  it  was  voted  :  That  the  Boston  Society  of  Civil 
Engineer  s  tenders  its  thanks  to  the  American  Society  of  Mechanical  Engineers  for 
its  kindness  and  courtesies  extended  this  society  during  the  sixth  annual  meeting  of 
the  American  Society  of  Mechanical  Engineers,  held  in  Bo.ston,  Nov.  lOto  14,  1885. 

On  motion,  it  was  voted  :  That  regular  business  be  postponed  until  after  the 
reading  of  papers. 

Mr.  E.  D.  Bolton  read  a  paper  on  "  The  Charlottesville  Water-Works." 

On  motion,  it  was  voted  :  That  the  thanks  of  the  Society  be  tendered  to  Mr.  E. 
D.  Bolton  for  his  paper. 

Mr.  William  Whittaker  read  a  paper  on  "  The  Worcester  Sewerage  Tunnel." 
f-  Messrs.  Edward  H.  Brooks,  Winfield  S.  Chaplin,  Sophus  Haagensen,  Hersey 
G.  Palfrey  and  Charles  H.  Parker  were  proposed  for  membership,  recommended 
respectively  by  T.  W.  Davis,  C.  W.  Folsom  ;  S.  E.  Tinkham,  C.  W.  Raymond  :  C. 
W.  Raymond,  F.  P.  Stearns  ;  E.  C.Clarke,  C.  W.  Folsom;  H.  Mauley,  S.  E. 
Tinkham. 

Me.ssrs.  F.  L.  Libbey,  D.  Porter,  W.  T.  Pierce  and  U.  S.  G  .  White  were  elected 
members  of  this  Society. 

[Adjourned.]  H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB   OF  ST.    LOUIS. 


ANNUAL    MEETING. 

December  2,  18S5  :— Club  met  at  8  p.  m.,  at  Mercantile   Library.     Vice-Presi- 
dent McMath  in  the  chair  and  37  members  present. 
I   Miuuto.s  of  last  rneeting  were  read  and  approved. 
„ The  Executive  Committee  reported   that  the  letter  ballot  should  be  carried  out 
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on  the  i)lnn  adopted  by  the  American  Society  of  Civil  En{;;ineors,  requiring  every 
member  to  indorse  his  name  on  tlie  envelope  inclosing  his  ballot  ;  that  President 
Moore  had  been  authorized  to  subscribe  for  a  share  of  the  membership  stock  of 
Mercantile  Libi-ary. 

Mr.  Jno.  H.  Kinealy  was  proposed  for  membershiij  by  Messrs.  J.  B.  Johnson 
and  W.  H.  Allderdice. 
The  Secretary  read  his  i-eport  of  the  work  of  the  Club  for  the  past  year. 

St.  Louis,  Dec.  3,  1885. 
^fr.  I^-esidc7itand  Gentlemen  :  YourSecretaryresj^ectfully  submits  the  follow- 
ing rejiort  of  the  proceedings  of  the  Club  for  past  year  : 

Sixteen  meetings  have  been  held,  with  an  average  attendance  of  25  members 
and  2  vi  itors.  President  Moore  has  occupied  the  chair  at  all  but  two  meetings, 
when  Vice-President  McMath  presided. 

Regularly  announced  jjapcrs  have  been  read  at  every  meeting.  Twenty-six 
papers  have  been  i)resented,  fomteen  of  which  have  been  published. 

The  following  members  have  contributed  papers  :  Mr.  Robert  Moore,  Mr.  S. 
B.  Russel,  Mr.  Ockerson,  Mr.  J.  B.  Johnson  (3  papers),  Mr.  Sobolewski,  Mr. 
Aubin.  ;Mr.  Boutou,  Mr.  Constable  (2  papers),  Mr.  Wise,  Mr.  Macklind,  Mr.  Taus- 
sig, Messrs.  Caldwell  &  Miller,  Mr.  Nipher,  Mr.  Tully,  Mr.  Baker,  Mr.  Holnian, 
Mr.  White,  Mr.  Pond.  Mr.  Bryan,  Mr.  AV.  H.  Allderdice,  Prof.  Potter,  Chairman 
of  the  Committee  on  Smoke  Prevention,  and  Mr.  Clark. 

There  are  now  120  qualified  members.  Meetings  have  been  ,,held  at  three 
different  i)laces  during  the  j-ear  ;  nine  of  them  at  the  Mercantile  Club  rooms,  three 
at  Mercantile  Library,  and  four  at  Washington  University. 

An  amendment  to  Sec.  7  of  the  By-Laws  was  adopted,  requiring  applicants  for 
membership  to  give  their  qualifications,  and  pledge  themseves  to  conform  to  the 
requirements  of  the  Constitution  and  By-Laws. 

Thos.  D.  Miller,  Secretary. 
The  Librarian  and  Manager  of  the  Journal  then  read  his  report : 

St.  Louis,  Mo.  ,  Dec.  2,  1885. 
To  the  President  and  ATe)ubers  of  the  Engineers'  Club  of  St.  Louis  :    Your  Li- 
brarian and  member  of  the  Board  of  Managers  of  the  Associated  Journal  would 
respectfully  beg  to  submit  the  following  as  the  first  annual  report  of  this  officer 
under  the  new  constitution  : 

The  additions  to  the  Club  librarj-  during  the  year  consist  mostly  of  the  publica- 
tions of  other  societies,  among  which  the  following  are  the  most  important :  Trans- 
actions of  the  American  Society  of  Civil  Engineers  :  Transactions  of  the  Liver- 
pool Engineering  Society  (5  vols.);  Proceedings  of  the  Philadelphia  Engineers' 
Club  ;  Proceedings  of  the  Fifth  Annual  Meeting  of  the  American  Watei'-Works 
Association  ;  the  Proceedings  of  the  State  Associations  of  Engineers  and  Survey- 
ors of  Connecticut  and  of  Indiana,  and  Abstracts  of  Papers  read  before  the  Soci 
ety  of  Arts  of  the  Massachusetts  Institute  of  Technology  ;  also.  Main  Drainage 
Works  of  the  City  of  Boston,  and  System  of  Railroad  Bridges  for  Jajian  (2  vols). 

This  Club  does  not  subscribe  for  any  periodicals  or  purchase  any  books,  its  facil- 
ities in  connection  with  the  Mercantile  Libraiy  making  it  unwise  that  it  should 
undertake  the  task  of  collecting  a  library  of  its  own.  The  duties  of  Librarian,  as 
such,  are  therefore  very  light.  Bv  our  new  constitution,  however,  the  Librarian 
represents  the  Club  on  the  Associated  Journal,  and  it  is  this  fact  gives  to  the 
position  of  Lilirarian  its  principal  significance. 

As  a  menaber  of  the  Board  of  Managers  of  the  Journal  your  i-epi-csentative  has 
the  pleasure  of  reporting  its  affairs  in  a  very  prosperous  condition.  Onlj'  one  new 
society  has  joined  the  Association  during  the  year,  but  the  joint  organization  i^ 
fulfilling  its  mission,  and  the  Journal  has  come  to  be  recognized  as  the  largest 
source  of  valuable  engineering  information  of  an  original  and  varied  character  in 
America.     Its  influence  in  unifying  the  sympathies  and  iuteiests  of  the  profession 
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in  this  country  will  never  be  accurately  known,   but  that  it  is  having  a  very 
wholesome  influence  in  this  direction  is  evident  on  all  sides. 

It  is  thought  that  the  value  of  the  Journal  to  studious  engineers  has  been 
greatly  increased  during  the  year  by  means  of  the  ludex  Department.  Inasmuch 
as  this  enterprise  originated  with  your  representative,  he  was  charged  with 
inaugurating  it,  and  he  volunteered  to  superintend  the  work  for  the  first  year- 
At  first  it  was  hojied  that  considerable  assistance  could  be  obtained  fi-om  other 
sources,  and  it  was  even  proposed  to  divide  the  work  among  the  various  clubs. 
Both  of  these  pcssibilities  have  proved  imi)racticable.  It  is  evident  the  supervision 
must  be  by  a  single  mdividual,  so  that  all  matter  must  be  sent  to  him  for  coordi- 
nation, and  to  prevent  duplicating  on  the  one  hand  and  omissions  on  the  other. 
After  a  large  amount  ot  correspondence,  in  his  efforts  to  get  efficient  assistance) 
none  of  which  las  proved  either  very  great  or  long-lived,  the  manager  concluded 
it  was  cheaper  to  do  the  work  himself,  especially  in  those  avenues  which  were  open 
to  him.  His  original  purpose,  however,  was  not  simply  to  divide  the  labor,  but  to 
put  the  several  special  departments  of  the  work  under  leading  engineers  in  the 
several  fields,  since  these  would  be  the  best  judges  of  the  merits  of  an  article  in 
any  of  their  departments.  He  soon  found  that  these  leading  engineers  were  the 
verj'  men  who  had  no  time  to  devote  to  such  matters,  and  rather  than  trust  it  to 
novices  he  preferred  to  do  it  himself.  The  amount  of  correspondence  demanded  in 
future  will,  therefore,  be  much  less  than  it  has  been  in  the  initial  year  ;  but  it  will 
always  be  large.  It  is  impracticable  to  obtain  municipal  and  State  reports  regu- 
larly on  a  single  application.  It  seems  there  is  no  legular  list  of  beneficiaries 
in  sucli  cases,  and  a  single  solicitation  brings  but  a  single  document,  even  if  it 
does  that.  T'lis  department  of  the  Index  has  not  been  nearly  as  complete  as  it 
should  be. 

The  work  of  preparing  the  index  notes  will  therefore  always  be  very  onerous 
when  it  falls  almost  wholly  on  a  single  individual,  as  it  seems  it  must,  it  requiring 
at  least  three  full  days'  work  to  prepare  the  index  notes  for  one  issue.  The  past  year, 
which  was  recognized  as  being  experimental,  has  demonstrated  this  fact.  With 
this  acknowledged,  it  would  seem  too  much  to  ask  of  one  man  that  he  do  this  work 
gratuitously.  It  has  been  proposed  bj'  some  (not  members  of  the  Board  of  Man 
agement)  that  a  central  headquarters  be  established  where  all  this  work,  together 
with  that  of  the  Secretary  of  the  Board,  should  devolve  on  one  man,  and  he  paid 
a  liberal  salarj-.  This  is  the  ideal  arrangement,  and  is  a  good  ultimate  resiilt  to 
jook  forward  to,  but  the  Association  cannot  afford  to  undertake  such  responsi- 
bilities at  present.  If  this  department  is  to  be  sustained,  therefore,  it  would  seem 
that  for  a  few  years,  at  least,  it  must  devolve  on  some  member  of  the  Associa- 
tion, not  necessarily  a  member  of  the  Board  of  Managers,  who  can  be  found  will- 
ing to  undertake  it. 

It  has  been  shown,  too,  during  the  year,  that  this  w^ork  cannot  be  done  by  one 
of  our  regular  engineering  periodicals.  Since  "  imitation  is  the  highest  praise," 
the  Association  should  feel  highly  flattered  at  the  starting  of  an  "  Index  Depart- 
ment,''modeled  directly  after  ours,  some  months  since  in  one  of  our  engineering 
journals.  The  editor  evidently 'found  himself  greatly  handicapped,  however,  since 
a  comiilete  index  would  give  his  rivals  too  much  free  adverti.-ing,  and  an  index 
made  up  from  his  own  colunms  and  such  foreign  periodicals  (mostly  French  and 
German)  as  could  not  be  cousidei-ed  rivals,  was  of  little  value.  He  therefore 
wisely  discontinued  it  after  a  weakly  existence  of  some  six  months. 

The  disposition  of  such  matter  as  comes  to  the  Index  Department  of  the  Jour- 
nal is  also  an  unsettled  question.  It  evidently  does  tot  belong  to  the  local  club, 
for  they  have  no  more  claim  upon  it  than  any  other  society  of  "the  Association. 
If  this  matter  was  all  valuable  to  one  man  the  problem  of  remuneration  would  be 
partially  solved,  for  the  selling  price  of  such  matter  as  has  come  to  this  depart- 
ment of  the  Journal  during  the  past  year  is  upward  of  fifty  d(jllars,  aside  from 
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the  iuunk-ii)!il,  SUito  and  flovorniiii'iit  rojjorts,  vvhii-li  are  (iisti'ibutcd  gratuitously  ; 
and  aside  too  t'rointho  implications  of  tbi'Statt' (ieolo<^ifaISurv(>y  of  IVnnsjivania 
which  are  now  ilistributod  to  c-ci'tain  imblic  institutions,  Init  whifli  are  sold  to 
private  individuals,  over  one  hundred  dollars  worth  of  which  have  been  sent  to 
this  (lei)artnient  ;  and  aside  t<50  from  the  Proceedings  of  the  Institution  of  Civil 
Engineers,  London,  of  the  American  Society  of  Mechanical  Engineers,  and  of  the 
American  Institute  of  Mining  Engineers,  the  cash  value  of  which  is  unknown. 

If  all  such  matter  had  their  list-price  value  to  the  index  manager  they  would  go 
far  toward  recompensing  him  for  his  labor,  but  it  is  evident  that  only  a  small 
part  of  such  matter  is  of  real  cash  value  to  any  one  man.  It  would  be  valuable, 
however,  to  the  local  club,  and  if  such  club  would  agree  to  take  it  off  his  hands  at 
a  reduced  price,  the  Association  ccjuld,  perhajjs,  afford  to  assist  to  the  extent  of  the 
value  of  the  index  to  the  average  member,  and  so  a  pi'oper  disjjosition  of  the  mat- 
ter be  made,  and  a  fair  renmneration  guai'anteed  for  the  labor  necessarily  in- 
volved. 

Your  representative  in  the  Board  of  Management  has  been  induced  to  outline 
what  appears  to  him  a  fail-  and  i)racticable  solution  of  the  problem  in  justice  to  his 
successor,  and  in  view  of  promised  relief  from  the  several  tnists  that  have  been 
committed  to  his  care. 

J.  B.  JoHNsox,  Librarian. 

President  Moore  entered  and  took  the  chair. 

The  Tieasurer  then  read  his  report. 

St.  Louis,  Dec  2,  1885. 
President  and  Members  of  Engineers'  Club  of  St.  Louis  : 

I  have  the  honor  to  submit  the  following  report  : 
Balance  received  from  E.  D.   Meier,  Treasurer,  Dec.  31,  1884 $  58  79 

COLLECTIONS   TO   D.4.TE. 

Initiation  fees 1 15  00 

Dues  for  the  year  1883 4  00 

"      "      "      "     1884 28  00 

"      "      "      "      1885 338  91 

Total  collections  to  date 8569  70 

DISBURSEMENTS   TO   DATE. 

To  H.  G.  Prout  for  Journal .S362  75 

Exchange  on  drafts  to  Prout 75 

Printing,  stationer^'  and  postage 1 10  20 

To  janitor  of  Washington  University 3  00 

Total  disbursements 47fi  70 

Balance  cash  on  hand .$  93  00 

M.  L.  HoLMAN,  Treasurer. 

The  President  read  the  following  report  of  the  Executive  Committee. 

The  doings  of  the  Executive  Committee  having  been  reported  to  the  Club  from 
time  to  time  during  the  year,  as  provided  in  the  constitution,  it  only  remains  for 
the  annual  report  to  sum  up  the  j-ears'  work  in  the  briefest  possible  terms. 

During  the  past  year  the  Committee  have  held  15  meetings.  They  have  recom- 
mended for  ballot  by  the  club  the  names  of  25  applicants  for  member.ship,  all  of 
whom  were  duly  elected.  Thej-  have  received  four  resignations  and  ha\'e  declared 
three  forfeitures  for  non-payment  of  dues. 

They  have  audited  and  approved  bills  against  the  Club  amounting  to  $482.45, 
of  which  8362.75  were  on  accoimt  of  the  Journal,  and  8110.20  were  for  other 
dues,  mainly  printing  and  postage. 

They  have  carried  out  so  far  as  was  j)racticable  the  very  admirable  programme 
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of  papers  prepared  by  their  predecessors,  and  have  outlined  a  similar  programme 
for  the  ensuing  year. 

Ou  the  whole,  the  last  year  has  beeu  for  the  Club  a  year  of  prosperity.  The 
membership  has  been  largely  increased,  the  interest  of  the  meetings  has  been  well 
sustained,  and  a  number  of  papers  of  marked  and  permanent  value  have  been 
brought  out — papers  which  have  well  rewarded  those  who  have  heard  them  read, 
and  iu  their  printed  form  fully  demoustrkted  the  value  of  the  Club  to  the  profes 
sion  at  large. 

Looking  to  the  future,  the  matter  of  greatest  inmiediate  importance  to  the  wel- 
fare of  the  Club  is  the  provision  at  an  early  day  of  a  permanent  home — a  place  not 
only  for  the  holding  of  meetings,  but  also  one  which  shall  be  open  at  all  times  as  a 
reading  room  and  study  for  the  use  of  members.  This  much-desired  object  can 
best  be  accomplished  in  connection  with  some  other  organization  with  like  aims  ; 
and  for  us  the  best  ally  is  unquestionably  the  Library  Association,  in  whose  build- 
in"-  our  meetings  are  now  held.  If  the  plans  of  the  Association  are  carried  out  in 
accordance  with  the  now  confident  expectations,  a  new  building  will  shortly  be 
begun  in  which,  if  we  do  our  part,  quarters  suitable  for  our  wants  will  be  pro- 
vided. And  the  successors  of  the  present  committee  should  be  charged  with  the 
duty  of  co-operating  with  the  Libra rj^  Association  in  the  accomplishment  of  this 
end. 

Another  matter  worthy  of  the  attention  of  the  Club  is  that  of  making  oral  dis- 
cussion of  professional  questions  more  of  a  feature  of  our  meetings.  Nothing  adds 
more  to  the  interest  of  meetings  than  such  discussion,  and,  if  the  members  make  it 
a  point  to  refresh  themselves  a  little  on  the  pomts  to  be  brought  up,  nothing  is 
more  profitable. 

For  the  preservation  of  the  more  important  features  of  such  discussion  the  pro- 
priety of  employing  a  stenographer  to  report  them,  after  the  manner  of  many 
similar  bodies,  is  at  least  worthy  of  consideration . 

All  of  which  is  respectfully  submitted.  Robt.  Moore,  President. 

Mr.  Robert  E.  McMath,  chairman,  then  read  the  report  of  the  Committee  ou  the 
Status  of  Civil  Engineers  iu  the  service  of  the  General  Government. 

To  the  Engineers''  Club  of  St.  Louis  : 

Your  Committee,  appointed  Mai'ch  18,  1885,  "  to  consider  and  report  on  the 
best  means  of  improving  the  status  of  civil  engineers  in  the  service  of  the  general 
government,"  and  which,  was  on  May  13  empowered  to  corresiDond  and  confer 
with  smiilar  committees  of  other  societies,  respectfully  reports  : 

That  to  pursue  successfully  the  subject  committed  to  our  consideration  will  re- 
quii'e  the  cooperation  of  all  to  whom  it  may  have  interest,  whether  that  interest 
arise  from  general  and  wholly  disintei'est.ed  consideration  of  the  welfare  and 
progress  of  the  countrj'  in  the  line  of  public  works,  from  apprehension  lest  the 
present  official  position  of  individuals,  or  of  a  class,  may  be  unfavorably  affected 
by  any  action  that  may  be  proposed,  or  from  hope  that  such  action  would  advance 
individuals,  or  a  class  in  position,  or  give  them  an  op]3ortunity  to  win  reputation 
and  the  substantial  rewards  of  professional  success.  In  the  way  of  securing  such 
cooperation,  your  committee  has  made  overtures  and  suggestions  in  several  quar- 
ters, and,  from  the  resi^onses  received,  is  satisfied  that  no  practical  result  is  imme- 
diately attainable.  We  have  informally  submitted  a  rough  outline  of  what 
might  be  done,  in  several  alternate  forms.  Our  suggestions  for  discussion,  and 
they  were  no  more,  have  not  been  received  with  favor,  nor  has  an  acceptable  sub- 
stitute been  suggested  to  us.  Wo,  therefore,  conclude  that  at  present  the  subject 
lacks  the  detiniteness  in  respect  to  need  and  remedy  which  would  exist  if  the  matter 
was  fuUy  understood  ;  and,  therefore,  that  it  is  not  advisable  to  bring  the  sub. 
ject  forward  to  the  public  until  development  of  a  real  want  brings  harmony  in 
thought  and  action. 
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It  is  known  to  sonio  of  tlie  L'hil)  that  a  coniniittec,  similar  to  ours,  was  apiioiuttd 
by  tbe  Cleveland  C"lnl>  at  our  sut,'yestion,  which  counnittee  proposed  to  us  that 
we  should  underttiko  the  aceunuilatiou  of  facts  and  arguments  and  to  prepare  a 
plan  of  action,  while  they  would  attend  to  organization  and  correspond^'nce  details. 
To  this  proposition  we  raised  no  objection.  Later  the  Cleveland  conuuittee 
bronched  the  subject  of  a  meeting,  at  Cleveland,  of  i-epresentatives  from  clubs  and 
others.  To  this  proposition  we  at  no  tinie  have  given  assent,  but  on  the  contrary 
discouraged  it,  giving  as  reason,  that,  until  some  ground  of  common  action  was 
arrived  at  bj'  correspondence,  a  meeting  must  be  unprofitable. 

By  a  circidar  dated  Oct.  27  a  formal  call  for  a  meeting  was  sent  out  by»the 
Cleveland  committee  to  the  several  clubs  and  societies.  The  annexed  copy  of  this 
circular  reads : 

The  Civil  Engineers'  Club  of  Cleveland,  | 
Cleveland,  Ohio,  Oct.  27,  1885.  f 

To  Thomas  D.   Miller,  Sec'y  Enrjrs:  Club,  St.  Louis: 

No  objection  having  been  raised  to  Cleveland  as  a  place  of  meeting,  the  proposals 
as  to  ilate  having  varied  from  Novendier  1  to  November  30,  and  several 
societies  having  not  yet  appointed  delegates,  we  deem  it  advis-able  to  name  Thurs- 
day, Friday  and  Saturday,  December  3d,  4th  and  5th,  as  the  time  of  meeting  of 
representatives  for  discussion  of  the  status  of  Civil  Engineers  in  Government 
service. 

Meanwhile  it  is  urged  that  each  committee  carefully  consider  the  matter,  and 
collect  all  information  possible,  so  that  the  convention  may  use  its  time  in  consid- 
ering the  future  and  not  the  past. 

We  desire,  and  ai  e  advised  by  other  committees  to  urge,  the  attendance  at  the 
meeting  of  any  and  all  engineers  interested  in  the  subject,  and  you  are  requested 
to  notify  your  Club  to  that  eft'ect. 

Please  advise  us  at  once  of  the  name  and  address  of  the  delegate  from  your 
society,  positively  whether  he  will  be  present,  and  also  of  any  others  of  your  Club 
who  propose  to  attend,  so  that  delegates  may  be  accorded  special  ai-rangements 
for  hotel  rates,  etc.     Of  this  and  other  details  your  delegate  will  be  informed. 
By  Order  of  the  Committee, 

Wm.  T.  Blunt,  Secretary, 

44  Eiiclid  avenue. 

Of  the  same  date,  October  ,27,  another  circiflar  was  sent  out  addressed  to 
selected  individuals.     This  circular  reads  : 

The  Civil  Engineers'  Club  of  Cleveland,  ( 
Cleveland,  Oliio,  Oct.  27,  1885.  ) 

nobert  E.  McMath,  C.  E.,  St.  Louis,  Mo.: 

Dear  Sir  :  The  undersigned  Committee,  by  authority  of  our  Club,  on  August 
7th  issued  a  circular  to  the  Engineering  Societies  throughout  the  couutr}',  jjro- 
posing  a  meeting  of  representatives  to  discuss  the  subject  or  the  Kelation  of  Army 
and  Civil  Engineers  on  Government  work,  and  the  propriety  and  method  of 
obtaining  laws  which  shall  place  Civilian  Engineers  on  an  equal  footing  with 
Army  Engineers  on  purely  Civil  Engineering  work  of  the  Government. 

Our  proposition  in  brief  was  : 

Each  Society  to  ajjpoiut  a  Committee.  Each  Committee  to  api)oint  a  delegate 
as  member  '  f  a  Central  Committee,  which  shall  meet  to  iliscuss  the  question  in  aU 
its  bearings,  and,  if  possible,  fornmlate  some  action  which  all  Societies  may  sup- 
port without  offence  to  individuals  or  to  the  spirit  of  their  union. 

Each  local  Committee  to  report  the  action  of  the  meeting  back  to  its  Society, 
with  such  recommendation  as  it  sees  fit.  Each  Society  to  decide  thereupon  whether 
it  wiU  adopt  the  action  of  the  Central  Committee,  and  such  as  do  so  to  combine  in 
action  according  to  details  to  be  arranged  hereafter. 

We  also  suggested  Cleveland  as  a  place  of  meeting. 

This  circular,  with  those  of  minor  importance  since,  has  elicited  answers  fi'om 
all  but  three  of  the  Societies  addressed,  and  we  are  led  to  expect  a  large  representa- 
tion. 

We  desire,  and  ai'c  advised  by  other  Societies  to  reciuest,  the  presence  also  of 
some  proiiiiiii'nt  cugiiieers  other  than  the  delegates,  and  you  have  been  named  as 
one  j)articularly  iiiteiested  in  the  subject,  and  vvliose  advice  will  be  valuable.  You 
are  therefore  especially  requested  to  attend  the  meeting  in  this  city  on  Thursday, 
Friday  and  Saturday,  December  3d,  4th  and  5th. 

Please  notify  us  as  soon  as  possible  whether  you  will  be  present,  so  that  those 
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attending  may  be  accorded  special  ai-raugements  for  hotel  rates,  etc.     Of  this  and 
othei-  details  you  will  be  further  advised. 

If  you  are  notable  to  attend,  a  concise  statement  of  your  views  on  the  subject  is 
respectfuUv  requested.  By  Oi'der  of  the  Committee. 

Wm.  T.  Blunt,  Secretary, 

44  Euclid  avenue. 
John  Eisenmann,  1 
Walter  P.  Rice,    | 
J.  J.  Laman,  I  Committee. 

Wm.  T.  Blunt, 
Please  advise  us  of  othei-s.  James  Ritchie,       I 

Your  Committee  had  contemplated  sendmg  a  delegate  to  the  Cleveland  conven- 
tion, and  Mr.  Ocker.son  had  been  informally  selected  for  that  purpose;  but  at  a 
meeting,  November  19,  atter  the  last  Cleveland  call,  dated  October  27,  it  was  de- 
cided that  such  a  course  would  not  be  in  the  interest  of  the  ultimate  good  of  the 
cause,  since  the  conditions  under  which  any  action  could  be  taken  at  Cleveland 
vfere  so  very  unfavorable. 

Since  the  statement  liad  been  widely  published  that  St.  Louis  would  be  repre- 
sented, it  was  proper  that  notice  should  also  be  given  that  St.  Louis  would  not. 
We  tberefoi'e  sent  out  the  following  : 

St.  Louis,  Mo.,  Nov.  19,  1885. 

The  undersigned  Conamittee  of  the  Engineers'  Club  of  St.  Louis  would  respect- 
fully call  your  attention  to  the  following  action  : 

Whereas,  The  Engineers'  Club  of  St.  Louis  did  on  March  18,  1885,  appoint  a 
committee  to  '•  consider  an*:'  report  on  the  best  means  of  improving  the  status  of 
civil  engineers  in  the  service  of  the  general  government,"  and 

Whereas,  Saiil  Committee  after  due  deliberation  decided  that  this  subject  was 
not  of  sufficient  general  interest  or  importance  to  justify  the  Club  in  initiating  or 
sui^porting  a  mcjvement  tending  to  simply  legislate  in  the  interest  of  a  certain 
class,  and 

Whereis,  The  Committee  in  accordance  with  these  views  reported  to  the  Club 
on  May  13, 1885,  that  it  "  i-egrets  to  see  the  discussion  of  the  subject  turning  aside 
from  the  broad  question  of  creating  an  organization  for  the  conduct  of  public 
works. "  And  f  urtheruK  )re  that  ' '  to  this  question  personal  matters,  past,  present  or 
future,  the  value  of  tlic  dill'i  rent  schools  and  modes  of  training,  or  the  honesty  and 
truthfulness  inculcated  thioiigh  certain  associations,  are  alike  foreign.  There 
seems,  therefore,  to  be  need  for  conservative  influence  lest  the  utterances  of  indi- 
viduals be  taken  as  expressing  the  views  and  wishes  of  the  engineering  profession, 
and  lest  a  (  iscussion  of  a  pure  question  of  public  policy  degenerate  into  a  contro- 
vert* about  matters  of  no  consequence ;"  and 

Whereas,  The  Committee  was  continued  to  consider  this  broader  question  and 
make  an  effort,  through  "  correspdmlt'iice  and  conference"  with  other  societies,  to 
reach  some  common  ground  of  action  ultimately  terminating  in  a  convention  to 
formulate'  a  plan  foi-  creating  an  organization  to  conduct  our  public  works  and  all 
questions  relating  thereto  being  still  under  consideration, 

Therefore  be  it  Hesolved,  That  this  Committee  does  not  deem  it  expedient  to 
send  a  repi-escntative  to  tlie  coineution  called  to  meet  at  Cleveland  for  the  pur- 
pose of  promolnig  class  legislation,  a  matter  foreign  to  the  declared  purposes  for 
which  thin  Committee  was  continued. 

hesolved,  That  co]3ies  of  these  resolutions  be  furnished  the  several  engineering 
societies  of  the  country.  Robert  E.  McMath,     | 

J.    A.    OCKERSON,  ^,  ,;4_(.„„ 

J.  B.  JOHNSON,  Committee. 

H.  S.  Pritchett,  I 

To  this  notification  the  Cleveland  Committee  has  responded  by  the  following  : 

Cleveland,  O.,  Nov.  23,  1885. 

Dear  Sir  :  We  are  just  in  receipt  of  a  circular  from  the  Committee  of  the 
Engineers'  Club  of  St.  Louis,  also  addi-e^sed  to  other  clubs,  giving  notice  that  the 
said  Conimittee,  for  reasons  given,  deciiis  it  inMX]MMlient  to  send  a  delegate  to  Cleve- 
land   '  for  the  imrijose  of  jironioting  class  l(>gislatiou." 

As  this  is  manifestly  unjust  to  all  who  have  interested  themselves  in  the  subject, 
whether  m  Cleveland  or  in  other  cities,  and  as  it  comes  to  us  after  they  have  notified 
us  under  date  of  November  6  of  the  appointment  of  a  delegate  who  would  attend 
II  the  character  of  other  delegates  were  satisfactory  to  them,  we  deem  it  advisable 
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to  soud  this  additional  ciicular  ti)  loiTt'ct  tlic  list  of  dele^j^att's  by  omittiiij^  that 
of  St.  Ivoiiis. 

The  foiinimnii'at ions  li-Diu  this  C'limnittcc,  as  well  as  all  those  roroivod  by  it, 
Avitli  the  siiij^lt' cxiTplidii  of  tlu' earlier  ones  li-(iin  St.  Louis,  havo  invariably  out- 
lined not  a  rlass  le;4islation.  hut  a  consei-vative,  professional  and  not-political 
course  for  the  welfare  of  the  country  as  well  as  that  of  civilian  engineers. 

This  much  we  consider  uecessarj'  for  the  protection  of  all  who  have  interested 
tlieinselves  in  the  meeting. 

By  order  of  the  Conmiittee,  VVm.  T.  Blunt,  Secretary'. 

The  Cleveland  Committee  disavows  any  intention  to  have  the  narrow  class  ques- 
tion of  Civil  and  Armj-  engineers  considered  at  the  meeting,  and  we  by  no 
means  question  their  entire  sincerity,  but  we  consider  that  they  have  been  very 
unfortunate  m  the  matter  of  calling  the  meeting,  especially  in  the  issuance  of  two 
circulars,  of  the  same  date,  in  which  the  purpose  of  the  meeting  is  diversely 
stated,  and  in  the  one  addressed  to  individual  engineers,  "As  one  particularly  inter- 
ested in  the  subject,  and  whose  advice  will  be  valuable  ";  the  class  question,  "  Rela- 
tion of  Army  and  Civil  engineers  on  government  work,"  is  imiticularly  conspic- 
uous. 

Whatever  might  be  the  action  of  a  meeting  called  in  such  terms,  and  in  this  two- 
fold way,  no  disclaimei-  would  free  it  from  the  charge  of  being  intended  to  benefit 
a  class  only. 

We  therefore  report  our  action  in  the  matter  to  the  Club,  and  submit  for  your 
consideration  the  following  recommendations  : 

1.  That  your  present  Committee  be  discharged. 

'1.  That  you  ajijjoiut  a  new  Committee  to  consider  by  correspondence  and  con- 
ference with  similar  Committees  and  representative  men  the  question  of  a  suitable 
organization  for  the  conduct  of  public  woi'ks  under  the  general  government. 

Yom'  Committee  deems  it  proper  to  say  that  the  original  resolution,  of  March 
IS,  1885.  under  which  the  Conuuittee  was  appointed  is,  in  a  measure,  open  to  the 
same  objection  we  made  to  the  calls  of  the  Cleveland  Committee,  of  appearing  to 
contemplate  action  in  the  intei'est  of  a  class  rather  than  in  the  interest  of  a  public 
service. 

Robert  E.  McMath,  1 

J.    A.    OCKERSON,  r'.^.>,.>,,-*^f„^ 

J.  B.  Johnson.  f  <^ommittee. 

H.  8.  Pritchett,         J 

Moved  and  seconded  :  That  the  report  be  received  and  Committee  discharged. 
Carried. 

Moved  and  seconded  :  That  the  action  of  the  Committee  be  indorsed  by  the 
Club. 

After  a  long  discussion,  the  motion  was  laid  on  the  table. 

Moved  and  seconded  :  That  this  Club  elect  a  delegate  to  attend  the  Cleveland 
Convention.     Lost. 

The  Committee  on  nominations  of  officers  for  the  ensuing  year  i-eported  for 
Pi-esident,  Robert  E.  McMath  ;  for  Vice-President,  WilUam  B.  Potier  ;  for  Secre- 
tary, William  H.  Bryan  ;  for  Treasurer,  Frank  H.  Pond  ;  for  Librarian,  J.  B- 
Johnson  ;  for  Directors,  Robert  Moore  and  T.  J.  Whitman. 

The  following  nominations  were  made  and  duly  seconded  :  T.  D.  Miller  for 
Secretary,  M.  L.  Holman  for  Treasurer,  William  Wise  for  President,  George 
Burnet,  Jr.,  for  Vice-President,  and  Col.  H.  C.  Moore  for  Director. 

{Adjourned,'\  Thomas  D.  Miller,  Secretary. 


December  16,  1885: — 254th  Meeting. — The  club  met  at  Mercantile   Library  at 
8  p.  M.,  President  Moore  in  the  chair,  22  Members  and  1  visitor  present. 
Reading  of  the  minutes  of  last  meeting  was  postponed  until  they  were  jjrinted. 
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The  Executive  Committee  reported  the  acceptance  of  the  resiguation  of  Philip 
Buchner  of  St  Louis.  Jno.  H.  Kinealy  was  recommended  for  election  as  a  mem- 
ber. He  was  balloted  for  and  declared  elected.  The  result  of  the  canvass  of 
baUots  for  officers  for  the  ensuing  year  was  announced  as  follows  : 

For  Freskh'nt.--Roht.  E.  McMath,  77  ;  Wm.  Wise,  9. 

For  Vice-Pi-esident.-Wm.  B.  Potter,  74  ;  Geo.  Burnet,  Jr.,  12. 

For  6>cre«an/. -Wm.  H.  Bryan,  22  ;  Thos.  D.  MiUer,  63. 

For  TreasKrer.— Frank  H.  Pond,  26  ;  Minard  L.  Holmau,  59. 

For  Librarian.-J.  B.  Johnson,  84  ;  J.  A.  Siddon,  1. 

For  Directors.-RoU.  Moore,  72  ;  Thos.  J.  Whitman,  75  ;  Henry  C  ,  Moore, 
22. 

The  President  then,  declared  Kobt.  E.  McMath,  President  ;  Wm.  B.  Potter, 
Vice-President  ;  Thos.  D.  Miller,  Secretary  ;  Minard  L.  Hohnan,  Treasurer  ;  J. 
B.  Johnson,  Librarian  ;  Robt.  Moore  and  Thos.  J.  Whitman,  Dii-ectors,  as  duly 
elected. 

The  newly  elected  President  took  the  chair. 

Retiring  President  Moore  delivered  an  appropriate  address. 

Thos.  D.  Miller  read  a  paper  on  "  The  Louisville  Cements,"  which  was  generally 
discussed. 

[Adjourned.']  Thos.  D.  Miller,  Secretary. 


December  30,  1885  :— 255th  Meeting.— Club  met  at  8:15  p.  M.,  at  Mercantile 
Library,  President  McMath  in  the  chair,  15  Members  and  one  visitor  present. 
Minutes  of  last  meeting  were  read  and  approved. 

The  Executive  Committee  reported  the  acceptance  of  the  resignation  of  Thos. 
Featherson  to  date  from  Jan.  1,  1885  ;  that  Theo.  Allen,  being  delinquent 
for  dues  for  the  year  1884,  was  considered  as  having  resigned,  and  given  four 
weeks  to  discharge  dues  for  1884-1885  and  be  reinstated  ;  O.  A.  Orrman,  having 
failed  to  pay  his  initiation  fee  and  dues  for  current  year  within  thirty  days,  his 
right  to  membership  was  forfeited  ;  Geo.  E.  Otis  and  R.  S.  Hays  were  recom- 
mended for  election.    They  were  balloted  for  and  elected. 

The  following  amendment  to  Section  2  of  the  By-Laws  was  presented  by  the 
Committee  : 

"  The  annual  dues  shall  be,  for  resident  members  four  dollars,  and  for  non-resi- 
dent members,  fifty  cents  in  addition  to  the  price  of  the  Journal." 

Moved  and  seconded  that  the  Executive  Committee  be  instructed  to  investigate 
and  report  at  the  next  meeting  the  advisability  and  cost  of  securing  the  services  of 
a  stenographer  for  the  meetings  of  the  Club. 

The  Committee  reported  that  countersigned  receipts  would  be  issued  to  the 
Treasurer. 

Prof.  J.  B.  Johnson  presented  a  paper  to  be  read  by  title,  "  The  Adjustment  of 
a  Quadrilateral." 

The  Secretary  read  a  letter  from  Mr.  Wm.  T.  Blunt,  Sec.  Ex.  Board  of  Tem- 
porary Civil  Engineers'  Committee  on  National  Public  Works,  also  one  from  L.  E. 
Cooley,  President  of  that  board. 

Moved  and  seconded  that  a  standing  committee  consisting  of  five  members  of 
this  Club  be  elected  to  consider  and  report  upon  such  questions  as  relate  to  the  con- 
duct of  our  national  public  work,  and  to  act  in  conjunction  with  similar  commit, 
tees  of  other  societies.     Carried. 

Moved  and  seconded  that  nominations  be  made  and  votes  be  taken  for  five,  and 
the  five  receiving  the  highest  number  be  declared  elected.     Carried. 

Moved  and  seconded  that  the  committee  elect  their  own  officers.     Carried. 
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Tilt'  followiii;;  •it'iitlcini'ii  woiv  iioiiiiiirtti'd,  and  tlu.'  bullot  resulted  as  follows: 

R.  E.  MeMnth V.i 

Rob.  Mnore V-i 

J.  B.  Johnson 9 

J.  A.  Ockersou 9 

C.  M.  Woodward 7 

M.  L.  Holman 8 

T.  J.  Whitmau 4 

O.  L.  Petitxiidier 2 

J.  A.  Seddou 2 

J.  B.  Eads 2 

H.  C.  Moore 2 

T.  T.  Johnston 2 

Find : 1 

Messrs.  McMath,  R.  Moore,  J.  B.  Johnson,  Holniau  and  Ockerson  were  then 
declaivd  as  constituting  that  coniniittee. 

iVcw/rpf?,  That  the  standing  committee  just  elected  be  entitled  the  Standirg 
Committee  on  National  Public  Works,  and  that  its  chairman  be  a  full  member  of 
the  Civil  Engineers'  Committee  on  National  Public  Works  as  suggested  by  the 
Cleveland  Convention,  but  no  action  of  this  Committee  shall  he  held  as  binding 
this  Club  until  it  shall  have  been  reported  to  and  endorsed  by  the  Club. 

Moved  and  seconded  that  the  conclusions  of  the  Cleveland  Convention  be  referred 
to  the  Standing  Committee  to  report  at  next  meeting  of  the  Club.     Carried. 

[Ailjourned.'l  Thos.  D.  Miller,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


January,  5,  1886:— The  290th  meeting  was  held  at  7:30  p.  m.,  Mr.  Cregier  in 
the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved.  The  Secretary- 
read  a  letter  from  President  Williams,  from  New  York  City,  regretting  his  ina- 
bility to  be  present. 

Mr.  Charles  E.  Billin  and  Mr.  Maurice  Seifert  were  elected  members. 

Application  for  membership  was  presented  from  Mr.  William  S.  Grant-Synn, 
Engineer  Chicago  West  Division  Railway,  indorsed  by  Messrs.  Wright,  Cregier 
and  Morehouse. 

Mr.  Cooley,  for  the  Committee  on  the  Organization  of  the  Engineer  Service  for 
the  Conduct  of  the  Public  Works  of  the  United  States,  reported  at  length,  recom- 
mending that  "  in  place  of  the  present  Committee  a  permanent  Committee  on 
National  Public  Works  be  appointed,  whose  chairman  shall  be  a  member  of  the 
Civil  Engineers'  Committee  on  National  Public  Works." 

The  Annual  Report  of  the  Secretary  was  read,  accepted  and  adopted. 

Officers  were  elected  as  follows  : 

President,  A.  W.  Wright. 

1st  Vice-President,  C.  H.  Hudson. 

2d  Vice-President,  D.  J.  Whittemore. 

Secretary,  L.  P.  Morehouse. 

Treasurer,  Charles  Fitzsimons. 

Librarian,  G.  A.  M.  Liljencrantz. 

Trustees,  S.  G.  Artingstall,  A.  Gottlieb. 

A  vote  of  thanks  was  tendered  to  the  Association  of  C  ounty  Surveyors  and 
Civil  Engineers  of  Indiana,  for  an  invitation  to  attend  the  Sixth  Annual  Meeting 
at  Indianapolis,  January  19. 

President  Wright  took  the  chair,  introduced  by  Mr.  Cregier,  and  made  a  brief 
address. 
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The  Committee  Report  jjresented  by  Mr.  Cooley  was  takeu  up  for  discussion. 
Mr.  Cooley  read  a  pajjer  (to  be  priuted),  and  after  a  full  discussion  the  recom- 
mendation of  the  Report  was  adopted. 

A  bill  of  $::$()  for  expenses  incurred  by  the  Connnittee  was  ordered  paid. 

At  request  of  Mr.  Irish,  the  general  interests  of  the  Society  were  informally  dis- 
cussed. It  was  understood  that  the  Board  of  Trustees  should  give  this  matter  con- 
sideration. 

[Adjounu'il]  L.  P.  Morehouse,  Secretary. 


ANNUAL   REPORT  OF  THE    SECRETARY  FOR  THE  YEAR   1885. 

During  the  year  twenty  meetings  have  been  held.  A  resolution  of  the  Society 
lately  adopted,  declaring"  that  it  is  expedient  to  abandon  the  meetiur,  heretofore 
held  on  the  third  Tuesday  of  the  month,  will  hei-eafter  hmit  the  yearly  nmnber  to 
twelve.  The  hour  of  meeting  has  also  been  changed  from  4  to  7:30  P.  M.,  in  def- 
erence to  the  views  of  some  members  who  thought  a  larger  attendance  could  be 
had  at  a  later  hour. 

Thirteen  papers  have  been  read,  as  follows  : 

What  Civilization  Owes  to  the  Architect  and  Engineer,  by  G.  R.  Bramhall. 

Ventilation  of  Stables,  by  A.  W.  Wright. 

The  Seiiarate  rx.  tlic  C'duibiued  System  of  Sewerage,  by  Benezette  Williams. 

Sonii'  New  Scw.T  I'onmila-,  bv  R".  Frank  Hartford. 

The  Best  ."Material  for  Street  Railroad  Rails,  by  A.  W.  Wright. 

An  American  Literature  Society,  by  J.  A.  S.  "W'addell. 

Ventilation  of  Buddings,  by  R.  Fratik  Hartford. 

The  Water-Povver  of  Niagara  Falls,  by  Samuel  McElroy. 

Railroad  Oracles,  by  H.  B.  Mason. 

Amount  of  Horse-Power  Used  in  Propelling  Street  Cars,  by  A.  W.  "Wright. 

The  Relative  Expenses  of  Some  Items  of  Operating  Upon  Narrow  and  Broad- 
Gauge  Railroads,  by  C.  H.  Hudson. 

The  Feasibilitj-  of  an  Inveited  Siphon  Tunnel  for  Improving  the  Water-Power 
of  the  Illinois  River  at  Marseilles,  by  E.  G.  Ward. 

Descriptive  Experin)ents  to  Determine  Frictional  Resistance  of  Railway  Trains, 
by  C.  H.  Hudson. 

The  following  named  gentlemen  have  become  members  :  C.  P.  Matlack,  City 
Engineer,  San  Antonio,  Texas  ;  R.  E.  Brownell,  Town  Engineer,  Lake,  111. ;  J. 
M.  Howells,  City  Engineer,  Richmond,  Ind. ;  Hiero  B.  Herr,  U.  S.  Civil  Engineer, 
Chicago  ;  John  W.  Alvord,  Town  Engineer,  Lake  View,  111, ;  A.  Gottlieb,  Con- 
sulting Engineer,  Chicago  ;  B.  Schreiner,  City  Engineer,  Des  Moines,  la. ;  G.  L. 
Clausen,  Assistant  Engineer,  Hyde  Park,  HI. ;  Henry  B.  Chichester,  Civil  Engi- 
neer, Chicago. 

In  the  spring  a  change  of  quarters  was  made,  partly  with  the  view  of  reducing 
our  expenses  for  rent,  and  jjartly  to  enable  us  to  co-operate  with  the  Western 
Association  of  Architects  and  other  kindred  societies  in  establishing  and  main- 
taining more  commodious  rooms  than  any  one  Society  could  support  alone. 
Another  year  will  probably  demonstrate  whether  or  not  it  be  desirable  to  continue 
our  joint  occupation  of  such  quarters  or  to  maintain  rooms  exclusively  for  our 
own  use. 

Receipts  and  expenditures  are  shown  in  the  financial  exhibit  below : 

Cash  on  hand  at  last  report,  in  hands  of  Treasurer $  13  84 

Received  from  entrance  fees S  90  00 

Annual  dues 779  80 

869  80 

Total 882  64 

Paid  for  rent  and  moving 252  97 

Library 56  75 

Printing 68  75 

Postage,  stationery  and  mailing 86  19 

New  furniture 21  30 

Journal 353  00 

Total $838  96 

Balance  in  hands  of  Treasurer 43  68 

L.  P.  Morehouse,  Secretary. 
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CIVIL  ENGINEERS'  SOCIETY  OF  ST.  PAUL. 

October  5.  1885  : — Regular  meeting  held.  Mr.  Riiiullett  oetupiitl  the  diair, 
ami  K)  iiiembei  s  were  present. 

Mr.  L\  L.  Annan  wa.**  eleeted  Member  of  the  Society. 

Mr.  Tinesdell  then  read  a  paper  on  the  *•  Sevetith  Street  Viaduct,"  after  which 
he  K'l^'f 'i^'t^'T '""  "■"^' '''''^'^'''''l '^^'•'^'■'"'P*'''^'^  ''f  ^'^'' "^'"''^  *'^  doing  the  work  and 
the  cutting  of  tlie  stone,  ilhistrating  his  remarks  with  the  original  drawings  of  the 
work.     On  motion.  Mr.  Trnesdell's  jjaper  was  ordered  printed. 

The  report  of  the  Conunittee  on  the  "  Relationship  of  Civil  to  Military  Engi- 
neers" was  submitted.     After  debate  it  was  amended  and  i)assed. 

Mr.  H.  E.  Stevens  was  elected  delegate  to  the  Cleveland  Convention. 

On  motion,  Mr.  Loweth's  subject  for  debate  was  postponed  to  the  next  regular 
meeting,  and  also  the  consideration  of  the  rejjort  of  the  Committee  on  Constitu- 
tion and  By-Laws. 

The  meetmg  then  adjourned  to  the  first  Monday  in  November. 

C.  J.  A.  Morris,  Secretary. 


NovEJiBER  2,  1885  : — Regular  monthly  meeting,  eight  memheris  present.  No 
business  was  transacted  except  an  informal  discussion  on  the  subject  of  the 
relation  of  civil  to  army  engineers,  and  regarding  the  proposed  meeting  in  Cleve- 
land. 

On  November  28  a  special  meeting  was  called  and  Mr.  C.  F.  Loweth  was  elected 
delegate  to  the  Cleveland  Convention,  in  place  of  H.  E.  Slevins.  resigiied.  The 
Secretarj-  was  dii-ected  to  notify  Mr.  Blunt,  Secretary  of  the  Comnnltee  on  Rela- 
tion of  Civil  to  Army  Engineers,  of  Mr.  Loweth's  appointment. 

[Adjou.riied.'i  C.  J.  A.  Morris,  Secretary. 


December  21,  1885  :— Regular  meeting  of  the  Society,  Mr.  Rundlett  in  the 
chair.  12  members  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Communications  from  Secretary  Wm.  T.  Blunt,  of  the  Executive  Board  of  the 
temjiorary  Civil  Engineers'  Committee  on  National  Public  Works,  were  read,  re- 
questing that  action  be  taken  by  the  Society  with  a  view  of  appointing  a  perma- 
nent committee  on  National  Public  Works,  and  of  expressing  an  opinion  on  the 
proceedings  of  the  late  Convention  held  in  Cleveland  the  3d,  4th  and  5th  of  Decem- 
ber, 1885.  Also  a  communication  announcing  that  the  Cleveland  Club  adopted 
the  action  of  said  Convention,  and  continued  its  conunittee  on  National  Publio 
"Works. 

A  coimuuuication  from  Mr.  Newell,  a  Member  of  this  Society,  regarding  per- 
manent quarters  for  the  Society,  was  read. 

All  the  above  communications  were  ordered  laid  on  the  table  until  the  reports  of 
the  committees  on  the  several  subjects  could  be  heard.  On  motion,  the  report  of 
the  Committee  on  Constitution  and  By-Laws  was  taken  up  for  consideration. 

Mr.  Davenport  was  appointed  as  Committee  on  Incorporation  ;  after  which  the 
constitution  and  by-laws  were  read  in  sections,  corrected  and  duly  adopted. 

-V  ])reliminary  report  of  the  Committee  on  Rooms  was  made,  but  no  definite 
results  having  been  reached,  the  committee  was  continued,  with  the  addition  of 
Mr.  Rundlett  as  a  member. 

Mr.  A.  O.  Powell's  application  for  membership  was  read  b>  -ne  Secretary,  and 
a  vote  was  ordered  to  be  taken  on  said  application  at  the  next  regular  meeting. 

ilr.  Lewis'  resignation  was  read  by  the  Secretaiy,  and  on  motion  accepted,  all 
his  dues  being  paid. 

IMr.  Loweth,  as  delegate  and  committee  to  the  Cleveland  Convention,  gave  a 
verbal  report  on  the  proceedings  of  said  Convention,  etc..  but  owing  to  the  lateness 
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of  the  hour  aiid  the  importance  of  tbe  subject,  no  action  was  taken.     It  was 
ordered  that  the  report  of  the  proceedings  of  said  Cleveland  Convention  be  made 
tbe  subject  of  special  attention  and  consideration  at  the  next  meeting. 
[Adjourned]  C.  J.  A.  MoRKis,  Secretary. 


January  4,  ] 886  :— Meeting  called  to  order  at  8  o'clock  p.  m.,  President 
Rundlett  in  the  chair,  ten  members  present.  Miiiutes  of  last  regular  meeting 
read  and  approved. 

Mr.  A.  O.  Powell  was  duly  elected  a  Member  of  this  Society. 

Comumnication  from  Wm.  T.  Blunt,  Secretary  of  the  Executive  Board  of  the 
CivD  Engineers'  Committee  on  National  Public  Works,  was  read  in  regard  to  an 
early  consideration  of  the  action  of  the  Cleveland  Convention.  The  report  of  the 
Committee  on  Permanent  Quarters  was  beard  and  the  Committee  continued. 

The  action  of  the  Cleveland  Convention  of  Civil  Engineers,  was  then  taken  up 
and  discussed  by  the  Members  of  the  Society,  and  the  report  of  its  delegate  to  the 
Society  and  the  action  of  the  Convention  approved.  The  Society  then  elected 
Messrs.  Charles  F.  Loweth,  C.  J.  A.  Morris  and  Wni.  H.  Wood  a  committee  on 
National  Public  Works.  Upon  motion  the  Society  then  proceeded  with  the  elec- 
tion of  officers  for  the  ensuing  year,  with  the  following  result  : 

C.  J.  A.  Morris,  President;  Charles  F.  Loweth,  Vice-Presideuit1^C4eorge  L.  Wil- 
son, Secretary;  J.  H.  Morrison,  Treasurer;  Wra.  H.  Wood(  Librarian ;  H.  A. 
Swensou,  Auditor  ;  C.  J.  A.  Morris,  representative  of  the  Society  on  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies. 

The  election  of  officers  having  been  completed,  the  following  Bj'-Law  was  for- 
mally presented  by  Mr.  Loweth  to  be  considei'ed  at  the  next  regular  meeting. 

At  the  regular  meeting  next  following  the  Annual  Meeting  the  President  shall 
apiJoint  such  sttiuding  committees,  to  serve  for  one  year,  as  tbe  Government  shall 
deem  advisable. 

[ArJjourned.]  GEORGE  L.  Wilson,  Secretary. 


Editors  reprinting  articles  from  this  Journnl  art 
re(2Ht'stfd  to  creilit  both  (h>/  Journal  <ind  the 
iSoctety  before  which  such  articles  were  read. 


ASSOCIATION  OF  ENGINEERING  SOOIETIES. 


OBGAiniZED    1881. 


"Vol.  V-  iFeTDx-u-airsr,    ISSe.  ISTo.  4:. 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

THE  DISTRIBUTION  SYSTEM  OF  THE  BOSTON  WATER  WORKS. 


By    Dexter   Brackett,    Member  of  the  Boston  Society    of    Civil    En- 
gineers. 
[Read  May  20,  1885.] 


SOURCES    OF    SUPPLY. 

Boston  receives  iis  water  supply  from  three  sources,  Lake  Cocliituate 
Sudbury  River  and  Mystic  Lake.  The  ojiginal  works,  drawing  tlieir 
supply  from  Lake  Cochituate,  wero  built  in  1848  :  they  consisted  of  a 
conduit  14.6  miles  in  length,  conveying  the  water  from  the  lake  to  the 
Brookline  distributing  reservoir,  whose  surface  is  124  feet  above  high 
tide,  from  whence  it  was  distributed  by  cast-iron  pipes  throughout  tlie 
city. 

In  1869  the  Chestnut  Hill  distributing  reservoir  was  added  to  the  sys- 
tem, and  in  1872,  as  the  supply  furnished  by  Lake  Cochituate  was  inad- 
equate, the  Sudbury  River  was  taken  as  an  additional  source  of  supply. 
Tlie  waters  of  this  river  are  collected  in  four  storage  reservoirs,  ha\'ing  a 
combined  capacity'  of  about  three  billion  gallons,  or  120  days'  supply, 
and  conveyed  to  the  Chestnut  Hill  reservoir  in  an  independent  conduit  16 
miles  in  length.  In  the  Chestnut  Hill  and  Brookline  reservoirs  the 
waters  from  the  two  sources  mingle,  and  the  works  unite  in  one  system 
of  suppl}'  and  distributing  maiiis  884  miles  in  length,  from  which  are 
drawn  an  average  of  25  million  gallons  per  day. 

By  the  annexation  of  the  city  of  Charlestown  the  city  of  Boston 
acquired  possession  of  the  Mystic  water-works,  which  were  built  in 
1863-64.  These  w< )rks  consist  of  a  conduit  7,450  feet  in  length,  conveying 
the  water  from  Mystic  Lake,  the  source  of  supply,  to  pumping 
machinery  by  which  it  is  raised  to  a  distributing  reservoir  of  26,000.000 
gallons  capacity,  whose  high  water  level  is  147  feet  above  high  tide. 
These  works  supply   6.210,000  gallons  daily  to  the  cities  of  Chelsea  and 
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Sonierville.  thet  )\vn  of  Everett  and  the  Charlestown  district  of  Boston, 
througli  a  distribution  system  120  miles  in  length. 

MYSTIC  DISTRIBUTION  SYSTEM. 

The  distribution  systems  of  the  cities  of  Sonierville  and  Chelsea  and 
the  town  of  Everett  are  owned  and  maintained  by  those  municipalities 
The  details  of  the  Charlestown  distribution  system  are  similar  to  those  of 
the  Sudbury  and  Cochituate  works  except  in  the  material  used  for  street 
mains.  The  entire  distribution  system  of  these  works  was  originally 
composed  of  wrought-iron  and  cement  pipe,  but  in  Charlestown  the 
greater  portion  of  this  pipe  has  been  replaced  by  cast-iron  pipe  since  the 
works  have  been  annexed  to  the  Boston  system.  The  wrought-iron  and 
cement  pipe  is  composed  of  a  tliin  sheet  of  wrought-iron  riveted  into  a 
pipe  and  lined  with  cement  mortar.  The  pipe  when  laid  in  the  ground  is 
incased  in  a  coating  of  cement  mortar,  which,  with  the  inner  lining,  is 
supposed  to  preserve  the  iron  from  corrosion.  The  experience  in  the 
majority  of  cases  where  this  pipe  has  been  used  shows  that  the  cement 
does  not  prove  a  protection,  and  that  in  from  10  to  15  years  after 
the  pipe  has  been  laid  the  iron  is  desti'oyed  and  the  pipe  useless.  During 
the  year  1876,  about  12  years  afier  these  pipes  weie  laid,  the  number 
of  bursts  in  Charlestown  was  one  for  each  half  mile  of  pipe  in  use,  while 
on  the  Cochituate  works,  where  the  mains  of  cast  iron  had  been  in  use  for 
28  years,  the  corresponding  number  was  one  for  each  24.5  miles.  In  the 
city  of  Sonierville  twenty-nine  breaks  or  bursts  occurred  in  the  wrought- 
iron  and  cement  pipes  during  the  month  of  September,  1884. 

SUDBURY  AND  COCHITUATE  DISTRIBUTION  SYSTEM. 

See  Plate  1. 

The  water  of  the  Sudbury  and  Cochituate  supplies  is  conveyed  from 
the  Brookline  and  Chestnut  Hill  reservoirs  to  the  city  by  four  supply 
mains,  30  inches,  36  inches,  40  inches  and  48  inches  in  diameter.  These 
mains  are  so  connected  that  the  city's  supply  may  be  taken  from 
either  reservoir,  or,  if  desired,  the  supply  can  be  drawn  directly 
from  either  of  the  conduits  without  passing  through  the  reservoirs. 
The  30-inch  and  36-inch  mains  from  Brookline  reservoir,  laid  in  1848, 
pass  through  Boylston  and  Tremont  streets,  a  distance  of  4.3  miles,  to 
Boston  Common. 

Tiie  40-inch  main,  laid  in  1859,  follows  the  route  of  the  30-incli  and  36- 
inch  mains  to  Brookline  village,  and  continues  to  the  city  by  way  of 
Brookline  avenue  and  Beacon  street,  connecting  with  the  30  and  36-inch 
mains  on  the  Common  at  a  point  nearly  opposite  Mason  street. 

In  1880  a  48-inch  main  was  laid  from  Chestnut  Hill  reservoir  by  way 
of  Beacon  street  to  Brookline  avenue,  there  connecting  with  the  40-:nch 
main.  This  48-inch  main  was  in  1883  extended  through  Coai- 
raonwealth  avenue  to  West  Chester  Park  and  connected  by  a  24-uich 
main  in  West  Chester  Park  with  the  30-inoh  and  36  inch  mains  in  Tre- 
mont street,  and  by  a  30-inch  main  with  the  40-inch  main  in  Beacon 
street.  There  is  also  a  48-inch  main  connecting  the  Chestnut  Hill  reser- 
voir with  the  40-inch,  36-inch  and  30-inch  mains  near  the  Brookline 
reservoir,  and  a  30-inch  main  in  Francis  street,  connecting  the  40-inch 
with  the  36-inch   and  30-i  icli  mains.     A  24-inch  main,  14,800   feet  in 
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length,  branches  from  the  30-inch  and  36-inch  mains  at  Pynchon  street 
in  Roxbury,  and  passes  through  the  Roxbury  and  Dorchester  districts. 
At  Dover  street  a  20-incli  main,  8,570  feet  long,  branches  from  the 
36-inch  main  for  the  supply  of  South  Boston.  A  30-inch  main  connects 
at  Boylston  street,  and  reducing  to  24-inch  at  Washington  street,  passes 
through  Washington,  Union,  Merrimack  and  Chardon  streets  to  Bow- 
doin  square,  where  it  connects  with  a  30-inch  main  whicli  continues  on 
from  the  connection  on  the  Common,  over  Beacon  Hill  by  way  of  Joy, 
Mt.  Vernon,  Hancock  and  Cambridge  street-!.  At  Haymarket  square  a 
20-inch  main  is  connected  with  the  24-inch  for  the  supply  of  East 
Boston.  This  main,  17,280  feet  in  length,  passes  the  draw  openings  of 
the  Charles  and  My  tic  rivers  by  means  of  inverted  siphons,  and  the 
channel  of  Chelsea  Creek  by  two  parallel  lines  of  flexible  jointed  pipes, 
each  about  580  feet  in  length. 

From  these  supply  mains  the  network  of  340  miles  of  distributing 
mains  from  4  inches  to  16  inches  in  diameter  draw  their  supply.  The 
length  of  che  different  sizes  of  distribution  mains  is  as  follows: 

Size.  Length.                             Percentage  of  total  length. 

10   inches.  9.4  miles.  3.U 

12  "  104.6  •'  30.7 

10  "  3.1  "  1.0 

8  "  34.3  "  10.0 

«  "  162.0  "  47.5 

4  "  26.6  "  7.8 

Totals 340.0        "  lOO.O 

Since  the  year  1872  no  pipe  has  been  used  for  street  mains  of  less  than 
6  inches  diameter  except  in  short  and  narrow  courts  where  fire 
hydrants  are  not  placed  ;  and  large  quantities  of  4  and  6-inch  pipes  have 
been  replaced  by  mains  of  increased  diameter. 

The  general  plan  of  the  distribution  system  is  to  have  12-inch  mains  at 
intervals  of  from  1,000  to  1,500  feet,  with  O-iuch  and  8  inch  mains  in  the 
intermediate  streets.  Throughout  the  business  portion  of  the  city  the 
12-inch  mains  are  more  frequent,  and  the  district  covered  by  the  great 
fire  of  1872  is  now  almost  entirely  piped  with  16-inch,  12-inch  and  8-incli 
mains.  The  quantity  of  distribution  pipe  of  small  size  is  less  than  in 
most  of  the  large  cities  of  the  country;  thus  Philadelphia  has  30  per  cent, 
of  her  distribution  less  than  6  inches  in  diameter;  Cincinnati,  58  per  cent. ; 
Chicago,  30  per  cent. ;  Louisville,  49  per  cent. ;  Baltimore,  70  per  cent,  i 
while  Boston  has  only  7.8  per  cent. 

The  material  used  for  pipe  mains  has  always  been  cast  iron.  All  pipes 
laid  since  1868  have  been  coated  with  coal  tar  by  Dr.  ^Vngus  Smith's  pro- 
cess, and  although  this  coating  does  not  form  a  complete  protection 
against  the  formation  of  tubercles,  it  very  much  retards  their  growth. 
Trials  lately  made  show  that  the  6-inch  uncoated  pipes  which  were  laid 
Avhen  the  works  were  constructed  have  become  so  filled  with  tubercula- 
tions  that  they  will  not  now  deliver  more  than  one-quarter  of  the  quantity 
which  a  clean  pipe  will  furnish,  and  are  consequently  of  insufficient 
capacity  for  fire  supply.  The  following  table  shows  the  standard  thick- 
ness, weights,  dimensions  of  sockets,  etc.,  of  the  different  sizes  at  present 
used. 
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WEIGHTS  AND  DIMENSIONS   OF  CAST-IRON   WATER    PIPES,    BOSTON  WATER-WORKS. 
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y  —  for  4-incli.  (i-inch  and  S-inch  pipes  0.6  inch. 
"    10-incb  and  12-inch  '•      0.8      " 

"    larger  sizes  "      0.85    " 


The  weight  of  iron  taken  at  .2604  lbs.  per  cubic  inch. 

The  thickness  is  calculated  by  the  formula  t  =  0.0048  n  d  +  0.35,  in 
which  t  =  thickne.ss  of  pipe  in  inches,  d  =  diameter  of  pipe  in  inches  and 
n  =  head  in  feet  divided  by  33. 

The  special  castings  used  are  designed  to  be  of  as  compact  a  form  as  is 
consistent  with  convenience  of  manufacture  and  use,  and  the  avoidance 
of  excessive  friction  in  the  flow  of  water. 

One  special  casting  which  may  be  worthy  of  mention  is  the  form  of 
Y  branch  shown  on  Plate  2,  Fig.  9.  This  differs  radically  from  the  ordi- 
nary form  of  Y  branch,  the  body  of  this  branch  being  globular  in  shape. 
Failures  of  the  old  forms  of  Y  branches  have  occurred,  but  none  of  this 
pattern  have  to  my  knowledge  given  any  trouble.  The  largest  size  in 
use  on  the  Boston  works  is  48  inches  in  diameter. 

All  pipe  laying  is  done  by  day  labor  and  as  the  work  is  done  in  short 
-sections  in  different  parts  of  the  city,  it  cannot  be  done  as  economi- 
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callj-  as  in  constructing  an  entire  system  of  distribution.     Tlie  present 

cost  of  laying  the  smaller  sizes  of  pipe  is  as  follows  : 

. Cost    per   lineal  foot ^ 

4  inch.      6  inch.  8    inch.   13  inch.  16  inch. 

Pipe  and  special  castings -SO.  38        $0.57        SO.  83        S1.S7       §1.87 

Lead,  gasket,  blocking,  etc 05  .06  .08  .13  .17 

Teaming.... 02  .03  .05  .07  .08 

Labor,  trenching  and  laying 35  .37  .30  .37  .45 

$0.70        SO. 93        S1.26        §1.83       $2.57 

Pipe,  lie.  per  pound.     Labor,  $2.00  per  day. 

The  cost  of  gates  and  hydrants  for  the  above  sizes  is  approximately  15 
cents  per  lineal  foot  of  pipe.  The  centres  of  the  pipes  are  placed  5  fee^ 
below  the  surface  of  the  roadway,  and  generally  at  a  distance  from  the 
street  line  of  about  one-third  of  the  total  width  of  the  street.  The  pipe 
joints  are  composed  of  hemp  gasket  and  lead,  the  lead  being  about  1^ 
inches  in  depth  and  thoroughly  calked.  The  quantity  of  lead  required 
for  different  sizes  of  pipes  can  be  expressed  by  the  formula  I  =  2d,  in 
which  I  =  pounds  of  lead  per  joint  and  d  =  diameter  of  pipe  in  inches, 
and  as  the  pipes  are  usually  12  feet  in  length,  the  quantity  of  lead 
required  per  lineal  foot  of  pipe^  equals  one-sixth  of  the  diameter  of  the 
pipe  in  inches. 

At  many  points  throughout  the  city  the  jjipes  are  carried  over  rail- 
roads and  water  courses  or  under  navigable  streams.  The  crossings 
are  made  in  different  ways ;  in  some  cases  the  mains  are  supported 
by  independent  structures  of  wood  or  iron,  and  in  others  they  rest 
directly  on  the  bridge  floors.  Some  of  the  large  supply  mains  are 
directly  exposed  to  the  weather,  others  are  surrounded  by  a  single 
boxing,  while  some  of  the  distributing  mains  in  exposed  situations  are 
inclosed  in  a  double  boxing.  In  no  case  is  any  packing  used  to  protect 
the  pipes,  as  it  has  been  foimd  by  experience  that  a  confined  air  space 
affords  the  best  protection,  on  account  of  the  liability  of  the  packing  to 
become  wet  either  from  leakages  into  the  box  or  from  the  pipe  joints. 
Where  the  mains  cross  navigable  streams,  the  channels  are  passed  either 
b5^  inverted  siphons  or  by  flexible  jointed  pipe.  The  construction  of  one 
of  the  inverted  siphons  is  shown  on  Plate  2,  Figs.  *1,  2.  3.  An  iron  pipe  of 
extra  weight  is  inclosed  in  a  box  constructed  of  heavy  timbers  strongly 
bolted  and  strapped  together,  the  space  between  the  pipe  and  the  inside 
of  tlie  box  being  filled  with  cement  concrete. 

Tiie  supply  main  to  East  Boston  crosses  Chelsea  Creek  by  two  mains, 
20  inches  and  24  inches  in  diameter,  each  about  580  feet  in  length,  laid 
side  by  side  in  trenches  dredged  to  receive  them 

Fig.  10,  Plate  2,  shows  the  joint  used  in  the  original  line  laid  in 
1850.  These  joints  turn  on  a  leather  packing,  whic'.i  is  placed  in  the 
groove  between  the  flanges,  and  are  flexible  only  in  a  vertical  plane. 
They  are  31.25  feet  ajDart,  connected  by  three  pieces  of  20-inch  flanged 
pipe,  one  and  one-half  inches  in  thickness  The  diameter  of  the  pipe  is 
increased  at  the  joints  to  compensate  for  the  increased  friction  at  the 
bends.  This  pipe  was  prepared  on  a  staging,  and  lowered  by  tackles  into- 
the  trench,  which  was  then  filled  with  gravel  and  clay.  The  24-inch 
main,  laid  in  1871,  by  G.  H.  Norman,  has  a  turned  ball  and  socket  joint,^ 
flexible  only  in  a  vertical  plane  (Plate  2,  Fig.  6).     The  joints  are  26  feet 
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apart,  connected  bj-  two  lengths  of  ordinary  bell  and  spigot  pipe. 
This  line.  650  feet  in  length,  was  put  together  on  the  shore,  buoyed  by 
empty  barrels,  towed  into  position  and  sunk  by  cutting  the  barrel  lash- 
ing!.. A  number  of  leaks  have  occurred  on  these  submarine  pipes,  but 
with  one  exception  they  have  been  caused  by  starting  of  the  lead  pack- 
ing, and  have  been  easily  repaired  by  a  diver.  The  largest  leak  was 
caused  by  a  crack  about  eighteen  mches  in  length,  in  one  of  the 
flanged  pipes  of  the  20-inch  line.  This  leak  was  repaired  by  wooden 
wedges  driven  into  the  crack  and  covered  by  a  rubber  band,  the  whole 
being  held  in  position  by  iron  bands  aud  clamps.  The  supply  for  the  pub- 
lic institutions  on  Deerlsland  crosses  Shirley  Gut,  a  channel  400  fee  wide 
aud  87  feet  deep,  by  two  lines  of  8-inch  pipe,  having  Ward's  patent  flexi- 
ble ball  and  socket  joints.  The  current  at  this  point  is  very  rapid,  and 
instead  of  laying  the  pipe  from  a  float-stage  they  w^ere  joined  together 
on  the  shore  and  drawn  across  the  channel  by  means  of  a  windlass  placed 
on  the  opposite  shore. 

GATES  AND  HYDEANTS 

To  control  the  flow  of  water  in  the  mains  there  are  in  use  3,932  gates, 
or  about  one  for  each  500  feet  of  pipe.  These  gates  are  of  various  pat- 
terns ;  some  of  the  older  ones  have  valves  which  are  kept  closed  by  the 
pressure  of  the  water ;  others,  made  by  the  Boston  Machine  Company, 
have  adjustable  wedge  valves,  while  the  pattern  used  at  present  has  a 
solid  wedge  valve.  An  8-inch  gate  of  the  present  pattern  is  shown 
by  Figs.  11  and  12,  Plate  2.  All  gates  used  on  the  works  are  made  from 
our  own  designs,  and  sizes  below  20  inch  are  manufactured  at  our  own 
sho|)s.  The  hydrants  set  previous  to  the  ytar  1868  are  of  the  pattern 
shown  by  Fij.'.  7,  Plate  3  ;  they  have  barrels  but  3  inches  in  diameter, 
and  are  supplied  by  a  branch  pipe,  from  the  main,  4  inches  in  diam- 
eter. Most  of  the.-e  hydrants  have  been  in  use  from  25  to  35  years,  and 
their  capacity  (originally  small)  has  been  greatly  reduced  by  tubercula- 
tions.  They  also  require  constant  attention  during  the  winter  season  to 
prevent  their  being  frozen,  owing  to  the  valve  being  but  3A  feet  below  the 
surface  of  the  street.  For  these  reasons  they  ai-e  gradually  being  replaced 
by  hydrants  of  larger  capacity.  One  thousand  five  hundred  of  them, 
however,  still  remain  in  use.  When  the  distribution  system  was  extended 
into  Roxburj ,  after  the  annexation  of  that  city  in  1868,  the  Lowry  hydrant 
(Figs.  8  and  5,  Plate  3)  was  introduced.  This  hydrant  has  a  9-inch  barrel, 
which  is  placed  directly  over  the  distribution  main,  and  in  many  casesat 
the  jntersectinn  of  mams,  so  that  it  is  capable  of  furnishing  a  very  large 
supply  of  water,  and  by  means  of  a  portable  casting  called  a  ' "  chuck"  (Fig. 
3),  four  steam  fire  engines  can  be  supplied  from  each  hydrant.  Difficulty 
was  experienced  with  this  hydrant  on  account  of  the  power  required  to 
open  I  he  valve,  owing  to  its  large  area.  The  pattern  now  used  has  a 
smaller  valve  ojtening  upward  (Plate  3,  Fig.  4),  and  the  original  large 
valves  have  been  fitted  with  a  small  supplementary  valve,  which  being 
opened  fills  the  hydrant  and  relieves  the  pressure  on  the  main  valve 
(Plate  8,  Fig.  6;.  The  cost  of  maintaining  this  hydrant  is  large  on 
account  of  its  location  in  the  roadway,  and,  except  where  it  is  desired 
to  mass  a  immber  of  steamers,  a  smaller  hydrant  located  in  the  sidewalk 
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is  to  be  ])ivferred.  Tlie  sidewalk  hydrants  now  used  are  of  two  ]>atterns. 
Tlie  Post  liydrant  (Plate  3.  Figs.  1  and  2)  has  a  6-inch  barrel,  and  is  used 
in  the  outlying  districts  and  in  sections  of  the  city  where  the  sidewalks 
are  of  sufficient  width  to  permit  of  its  use  without  annojance  to  public 
travel.  The  other  hydrant,  which  is  placed  in  or  under  the  sidewalk 
(not  shown  on  plate),  has  a  6-inch  barrel  or  valve  similar  to  the  Post  hj'- 
drant,  and  a  top  adapted  to  receive  the  Lowry  chuck.  Both  of  these 
hydrants  are  connected  with  the  street  mains  by  6-inch  pipes.  Both  hy- 
drants and  gates  are  inclosed  by  wooden  boxes  of  sufficient  size  to  be 
entered  for  the  purpose  of  repairs.  These  boxes  are  of  the  general  form 
and  construction  as  shown  by  Plate  2,  Figs.  4,  5,  7,  8,  and  for  the  past  10 
years  they  have  been  made  of  kyanized  spruce  lumber,  The  average 
life  of  these  boxes,  as  determined  by  records  kept  since  1850,  has  been 
about  15  years  ;  and  as  the  cost  of  the  box,  with  its  iron  frame  and  cover, 
is  only  about  $8,  the  wooden  box  is,  without  doubt,  cheaper  than  one  of 
iron,  if  it  is  desired  to  have  the  boxes  large  enough  to  be  entered. 

SERVICE  PIPES. 

Between  forty  and  fifty  thousand  service  pipes  convey  the  water  from 
the  distributing  mains  to  the  premises  of  the  water  takers.  These  service 
pipes  are,  with  a  few  exceptions,  of  lead,  and  are  generally  of  |-inch  inter- 
nal diameter,  weighing  3.75  jiounds  per  lineal  foot.  During  the  original 
construction  of  the  works,  some  services  of  cast  iron  1|  inches  in  diameter 
were  used  ;  most  of  these  have  been  removed,  but  some  still  remain  after 
35  years'  seivice.  The  question  of  the  danger  to  public  health  from  the 
use  of  lead  service  pipes  was  very  carefully  investigated  in  1848  by 
Prof.  Horsford,  and  the  conclusion  reached  at  that  time  was  that  the 
Cochituate  water  might  be  served  from  leaden  pipes  without  detriment 
to  health.  I  think  that  it  is  now  generally  accepted  as  a  fact  that  the 
water  of  most  of  our  fresh  wat^r  ponds  and  rivers  forms  on  the  surface 
of  lead  an  impervious  compound  which  prevents  further  action  of  the 
water  on  the  pipe.  The  service  pipes  are  all  laid  by  and  at  the  expense 
of  the  city  from  the  street  mains  to  a  point  three  feet  beyond  tlip  street 
line. 

From  1848,  when  the  works  were  constructed,  imtil  1879,  the 
only  stop-cock  for  shutting  off  the  water  from  the  buildings  was 
inserted  in  tlie  main,  and  was  reached  by  means  of  an  iron  tube  whose 
top  was  covered  by  a  loose  cap  from  6  to  12  inches  below  ti)e  surface 
of  the  street  (Plate  4,  Fig.  1).  This  method  was  adopted  to  prevent  the 
operation  of  the  stop  cocks  by  unauthorized  persons,  but  much  trouble 
was  experienced  in  reaching  the  cocks  in  cold  weather,  or  under  con- 
creted streets,  and  for  the  past  five  years  an  additional  stop-cock  has 
been  placed  in  the  sidewalk  and  made  accessible  by  a  telescopic  tube 
shown  on  Plate  4,  Fig.  1.  Until  the  year  1863  all  of  the  service-cocks 
were  driven  into  a  hole  drilled  in  the  iron  main,  and  this  method  is  still 
in  use  in  some  cities.  In  Boston,  however,  all  of  the  cocks  are  screwed 
into  the  mains  without  shutting  off  the  water.  This  is  done  by  means  of 
the  machine  shown  on  Plate  5,  Figs.  1.  2. 3.  an  invention  of  Mr.  E.  R.Jones, 
the  present  superintendent  of  the  distribution  system  of  the  Cochituate 
■works.     The  machine  consists  of  the  composition  chamber  ^4  containing 
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the  valve  B.  To  the  end  of  the  chamber  A  is  attached  the  head  C, 
through  which  passes  the  spindle  D,  which  is  worked  by  the  ratchet- 
lever  E.  The  chamber  ^4  is  clamped  to  the  pipe,  as  shown  in  the  figure, 
the  same  machine  fitting  pipes  of  different  sizes  by  means  of  rubber 
gaskets  of  the  proper  radius  ;  a  drill  is  attached  to  the  spindle  D,  and  a 
hole  drilled  through  the  main;  the  drill  is  then  withdrawn,  the  valve  B 
closed,  the  head  C  removed  and  the  drill  exchanged  for  a  tap.  After  the 
hole  has  been  tapped,  the  stop-cock  is  attached  to  the  spindle  and  inserted 
in  the  main,  completing  the  operation.  The  time  required  to  insei-t  a 
stop-cock  is  ordinarily  about  ten  minutes,  but  it  can  be  done  in  six  min- 
utes. 

A  new  form  of  stop-cock  to  be  used  in  place  of  the  ordinary  form  of 
sidewalk  sto])-cock  has  lately  been  adopted  by  the  Waier  Board.  Three 
hundred  of  these  are  now  in  use,  and  it  is  intended  to  place  them  on  all 
of  the  services  throughout  the  city.  This  stop-cock,  shown  on  Plate  4, 
Figs.  2  to  8,  is  known  as  the  Church  stop-cock  or  waste  detector,  as  in  ad- 
dition to  the  usual  functions  of  a  stop-cock  it  can  be  used  to  detect  and 
determine  the  amoimt  of  water  which  may  be  wasting  from  a  service" 
pipe  to  which  it  is  applied.  In  addition  to  the  usual  water  passage,  there 
is  in  this  stop-cock  a  small  supplementary  passage  A,  through  the  plug, 
which,  by  means  of  the  tube  B,  can  be  connected  with  a  pressure  gauge 
attached  to  the  top  of  the  tube.  When  the  plug  of  the  stop-cock  is  turned 
to  a  certain  position  the  water  passes  from  the  street  main  through  the 
small  orifice  A  to  the  gauge  and  indicates  the  water  pressure  ir  the  main. 
Now,  if  the  plug  is  turned  to  the  position  shown  in  Figs,  o  and  6,  water 
will  i)ass  through  the  small  orifice  into  the  house,  and  if  there  is  any 
leakage  taking  place  from  the  house  fixtures,  the  pressure  on  the  gauge 
will  at  once  fall  :  the  amount  of  the  loss  of  pressure  being  dependent  on 
the  quantity  wasting.  A  third  position  of  the  cock  connects  the  gauge 
with  the  house  service,  closing  the  connection  with  the  street  main,  and 
if  the  leak  m  the  house  be  at  a  point  23  feet  above  the  gauge  the  pressure 
will  fall  to  10  pounds  and  there  remain,  showing  the  height  abo^^^e  the 
gauge  that  the  leak  may  be  found. 

Very  small  le;iks  can  be  detected,  a  loss  of  pressure  of  one  pound  indicat- 
ing a  waste  of  15  gallons  per  hour.  In  detecting  waste  by  means  of  these 
stop-cocks  an  examination  of  all  the  service-pipes  in  any  street  is  made  in 
the  manner  just  described,  between  the  hours  of  midnight  and  four  A.  M., 
when  all  legitimate  use  of  water  is  supposed  to  have  ceased,  and  the 
premises  where  waste  is  noted  are  examined  on  the  following  day,  and 
the  causes  of  waste  discovered  and  remedied. 

Three  years  ago  I  had  the  pleasure  of  presenting  to  this  Society  a 
description  of  some  experiments  made  in  the  Charlestown  district  with  the 
Deacon  waste- water  meter  (see  Vol.  I.,  p.  253-266,  of  the  Journal  of  the 
Association).  As  a  result  of  those  experiments,  the  system  has  been 
adopted  for  the  whole  Sudbury  and  Cochituate  works,  and  can  now  be 
considered  a  permanent  portion  of  the  distribution  system.  Sixty-eight 
of  these  meters,  controlling  a  population  of  about  320,000  people,  have 
now  been  in  use  for  about  a  year,  and  the  results  obtained  by  their  use 
fully  confirm  the  reports  of  the  previous  experiments.  The  meter  has 
been  improved  by  a  reduction  m  size  with  an  increase  in  cnpacity,  and  is 
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shown  in  its  present  form  by  Fig.  4,  Plate  5.  The  meters  are  all  placed  on 
a  by-pass  under  the  sidewalk,  and  so  arranged  that  they  can  be  shut  off 
and  the  working  parts  of  the  meter  removed  during  the  winter  season. 
Till'  total  cost  of  the  6-inch  meters,  including  cost  of  setting,  is  about  iflGOO 
each.  The  daily  average  consumption  of  the  8udbury  and  Cochituate 
works  for  the  year  1884  was  8,630,200  gallons,  or  21.6  per  cent,  less  than 
for  the  previous  year,  although  the  records  of  the  meters  show  that  there 
still  remains  a  large  amount  of  waste  in  some  sections  of  the  city.  The 
great  advantage  gained  by  the  use  of  this  system  of  waste  detection  is  the 
ability  to  localize  the  sections  in  which  waste  exists,  and  thus  avoid  the 
annoyance  and  expense  of  inspection  in  sections  where  the  water  fixt- 
ures, services  and  mains  are  in  good  repair.  During  the  past  year  a 
number  of  leaks  have  been  discovered  in  the  main  pipes  and  services, 
from  which  the  water  had  been  running  from  one  to  ten  yeais,  and  from 
which  it  would  probably  have  continued  to  run  but  fir  the  use  of  these 
meters.  A  few  weeks  ago  an  unused  service-pipe  was  found  which  had 
been  discharging  between  1,500  and  2,000  gallons  per  hour  into  a  drain 
for  at  least  ten  years. 

Figs.  9,  10  and  11,  Plate  4,  show  the  pattern  of  public  drinking  fount- 
ain in  use.  The  trough  for  the  uses  of  horses  is  of  granite,  and  the  sup- 
ply of  water  is  controlled  by  the  valve  C  (Figs,  10  and  11)  so  that  there  is 
no  waste  of  water  from  the  trough.  The  valve  is  operated  by  the  float  A 
acting  through  the  lever  B.  When  the  trough  is  full  the  lever  £  is  in  the 
position  shown  by  Fig.  11,  the  small  valve  jPis  closed,  and  the  diaphragm 
valve  E  is  kept  closed  by  the  j)ressure  of  the  water  on  its  upper  surface. 
If  the  water  in  the  trough  be  lowered  the  float  A  drops,  the  valve  F  is 
opened  and  the  pressure  on  the  valve  E  being  relieved,  that  valve  at  once 
opens  to  its  full  capacity,  and  so  remains  until  the  valve  F  is  again  closed, 
when  the  pressure  of  the  street  main  being  brought  on  the  top  of  the 
valve  E  it  is  immediately  closed.  The  valve  is  operated  by  a  very  small 
change  of  level  in  the  trough. 

WATER  METERS. 

The  policy  upon  which  the  works  are  at  present  managed  is  to  control 
the  waste  of  the  residential  portions  of  the  city  by  means  of  the  Deacon 
and  Church  waste  detector.s,  and  to  apply  recording  meters  throughout 
the  business  and  manufacturing  sections.  With  this  end  in  view  the 
number  ot  recording  meters  has  been  largely  increased  during  the  past 
few  years,  and  at  the  present  time  4,959  services,  or  about  10  per  cent,  of 
the  total  number,  are  metered.  The  number  and  pattern  of  meters  in  use 
is  as  follows  : 

Wortbington 1,2.31 

Cro*n  l,-^22 

Tremont 2,479 

Other  patterns 27 

4,959 
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RAILEOAD   ORACLES. 


By  Henry  B.  Mason,  Member  of  the  Western  Society  of  Engineers. 
[Read  October  6,  1885.] 


Railroad  oracles  are  usually  very  reticent,  and  when  they  do  say  any- 
thing it  is  apt  to  be  some  misleading  '•  point,"  which  induces  the  hearer 
to  embark  his  hard  -earned  and  scanty  surplus  into  speculation  and  loss. 
Away  goes  the  money  which  was  to  have  papei'ed  his  house,  to  have 
clothed  his  wife  with  a  black  silk  dress  and  himself  with  a  stylish  coat, 
and  to  have  given  both  husband  and  wife  a  vacation  at  the  seashore. 
The  loser  spends  the  summer  in  the  city,  his  trousers  bag  in  the  knee, 
his  faded  carpets  do  service  for  another  year,  and  he  smiles  grimly  when 
he  hears  that  Vanderbilt  has  erected  a  four  million  dollar  residence. 

But  not  long  ago  [  hapi^ened  to  find  a  railroad  oracle  in  a  genial  and 
loquacious  mood.  Several  reasons  accounted  for  this  unwonted  frame 
of  mind.  He  had  made  many  thousands  of  dollars  recently  and  saw 
hundreds  of  thousands  and  even  millions  in  the  near  future.  I  did  not 
wish  to  speculate,  and  he  did  not  care  to  have  me,  and  we  met  merely 
upon  the  plane  of  good  fellowship.  Although  he  was  much  older  than  I 
was,  an  hereditary  friendship  existed  between  us.  In  earlier  days  and 
more  primitive  scenes,  his  mother  and  mine  had  lived  together,  and  the 
girlish  friendship  continued  as  long  as  his  mother  lived.  Such  were 
some  of  the  influences  which  tended  to  make  the  oracle  communicative. 
Then  I  paid  him  the  sincere  attention  of  an  interested  listener.  He  was 
a  good  talker;  he  could  do  great  things  and  tell  about  them,  too.  Meta- 
phorically, he  carried  both  sword  and  trumpet.  We  met  in  the  lull  after 
a  busy  day.     It  was  late  afternoon. 

Before  telling  his  story,  let  me  [^resent  the  man  to  the  Engineers'  Club. 
Please  imagine  then  a  iigure  of  gigantic  height,  certainly  more  than  six 
feet  and  a  half  high,  of  broad  shoulders  and  naturally  of  large  bulk, 
though  somewhat  reduced  by  the  anxieties  of  great  undertakings;  a  head 
suggesting  a  lion  ;  an  engaging  smile,  but  lips  which  occasionally 
straightetied  into  a  severe,  determined  line.  On  account  of  his  physical 
and  financial  size  he  had  a  way  of  treating  his  fellow  men  as  though 
they  were  boys,  yet  so  pleasant  was  his  manner  that  you  felt  you  could 
hardly  resent  it  even  if  he  should  address  you  as  "  Bub."  This  large 
man  was  seated  at  ease  in  a  cushioned  arm-chair,  and  thus  discoursed  : 

A  scheme  was  started  in  1872  to  build  a  railroad  from  a  point  iu  Ohio 
to  the  city  of  Chicago.  There  were  nine  or  ten  men  in  the  enterprise. 
They  procured  a  charter,  made  a  slight  survey,  gained  some  right  of  way 
and  laid  a  few  miles  of  track  with  light  iron.  Then  the  panic  occurred 
and  stopped  work,  leaving  the  company  in  debt  to  contractors  and 
officers.  A  corporate  organization  was  kept  up,  however,  in  hopes  of 
better  times.  At  the  annual  meetings  the  scattered  projectors  came 
together  again  and  tried  to  devise  means  for  carrying  out  the  original 
plan.  The  dusty  map  was  unrolled  where  a  railroad  straight  as  the  bird 
flies  had  been  depicted  running  through  paper  cities.  At  the  sight  hope 
revived.     Corner  lots,  terminal  facilities,  through  freights  and  county  aid 
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bondrf  were  the  cheerful  topicsof  conversation.  Each  wizened  speculator 
in  his  shiny  coat  became  in  imagination  a  railroad  magnate  in  broad- 
cloth. The  directors  stalked  from  their  board  meeting  with  a 
dignity  which  slowly  faded  awaj'  during  the  next  twelve  months  of 
farming,  clerking,  petty  litigation,  and  so  on,  to  which  they  were  sever- 
ally obliged  to  resort  for  a  living  ])ending  tlie  realization  of  the  railroad 
project ;  but  was  rejuvenated  at  each  recurring  annual  session.  Nine 
years  passed.  They  had  tned  to  get  money  in  New  York,  but  had  not 
succeeded.  The  few  miles  of  rail  rusted,  ana  the  ties  rotted  away. 
Nobody  but  wild  ducks  met  at  the  projected  junctions  ;  prairie  chickens 
nested  at  unrealized  way-stations,  and  cattle  grazed  on  the  sites  of 
anticipated  cities,  unconscious  that  the  prairie  beneath  them  had  been 
subdivided  on  maps  and  labeled  "  court-house,"  "  church,"  "academy," 
and  "  depot."  The  world  plunged  its  branding  iron  i'jto  the  hottest  fire 
and  stamped  the  enterprise  a  failure. 

A  discouraged  remnant  of  the  directors  invited  the  railroad  oracle  to 
meet  them  at  their  annual  session  in  1881,  to  see  if  he  would  help  them 
get  the  requisite  money  and  would  then  take  conti-act  to  build  the  road. 
At  this  meeting  he  listened  to  all  that  was  said,  jotted  down  the  sched- 
ule of  old  indebtedness,  which  was  due  mostly  to  the  projectors  them- 
selves for  services  and  advances  or  had  their  guaranty,  scrutinized  each 
speaker  keenly,  but  maintained  an  oracular  silence  until  he  had  reached 
his  own  conclusions.  Toward  the  end  of  the  meeting  he  had  weighed 
the  project  and  the  projectors  in  his  mental  scale-^and  saw  in  the  scheme 
itself  greater  possibilities  than  ics  originators  had  imagined.  They 
looked  anxiously  toward  him  for  his  decision.  He  towered  above  them 
on  the  vantage  ground  of  physical  size,  wealth,  good  clothes  and  supe- 
rior executive  ability,  and  from  this  rostrum  now  made  a  short  incisive 
speech,  like  Xenophon's  addresses  to  the  ten  thousan<l  or  Napoleon's 
army  bulletins  :  •'  Well,  gentlemen,  it  appears  to  me  you  have  not  done 
much  in  nine  years,  when  this  railroad  ought  to  have  been  built  in 
eighteen  months.  I  do  not  wish  to  a-sociate  with  you  collectively  ;  luck 
is  against  you,  if  nothing  else.  If  you  want  to  clear  out  nf  this  project 
and  sell  it  to  me  for  the  amount  of  the  indebtedness,  I  will  agree  to 
assume  and  ])ay  tliit.  indebtedness,  with  liberty  to  fight  some  claims,  and 
you  give  me  a  bond  that  the  total  indebtedness  shall  not  exceed  eighty 
thousand  dollars.  I  shall  pick  out  s-ome  of  you  to  help  me  in  the  reor- 
ganized enterprise,  but  will  have  nothing  to  do  with  you  in  a  lump." 
These  words  of  fate  were  a  surprise  to  the  listeners.  Here  was 
a  Titan,  who  could  dig  gold  in  Wall  street  and  iron  in  the  Alle- 
ghanies  to  build  and  equip  the  railroad,  but  most  of  its  origin- 
ators were  not  to  be  allowed  a  seat  in  his  triumphal  car.  The 
single  voice  ceased  and  a  buzz  of  discussion  followed.  Modifica- 
tions of  the  proposition  were  suggested  to  the  railroad  oracle,  but 
in  the  significant  language  of  the  Orient  to  denote  inexorable  pur- 
pose by  a  single  phrase,  "  He  had  spoken."  Compelled  to  consider  his 
terms  without  modification,  some  were  favorable  and  some  opposed ; 
but  the  majority  were  disgusted  with  the  road  and  voted  to  sell  out,  and 
finally  all  concurred,  for  each  one  hoped  to  be  employed  in  the  new  organ- 
ization and  novv  tried  to  recommend  himself  by  a  cheerful  acquiescence 
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in  tlie  transfer.  Everytliing  was  turned  over  to  him,  the  plant,  charter,, 
riglit  of  way,  stock,  and  londs.  Certificates  making  ap  all  the  shares 
of  stock  were  assigned  to  him  by  the  projectors,  and  the  bonds 
were  handed  to  him  in  the  original  packages  as  they  came  from 
the  engraver,  for  the  public  had  never  invested  in  the  road.  He  put  in 
his  own  board  of  directors,  choosing  two  or  three  of  the  original  pro- 
jectors, two  or  three  New  York  capitalists,  and  some  relatives  of  his 
own,  giving  each  one  just  enough  stock  to  qualify  him  for  the  position. 
The  enterprise,  though  corporate  in  form,  was  really  swayed  by  his 
single  mind,  presenting  a  fine  example  of  concentrated  power  and 
divided  responsibility.  The  two  or  three  original  projectors  still  in  the 
board  were  too  happy  at  being  included  in  the  new  organization  to  make 
any  resistance  to  him,  and  had  they  done  so  he  would  have  voted  them 
out  at  short  notice.  Besides,  he  had  selected  them  for  their  qualities  as 
trusty  lieutenants,  and  they  recognized  him  as  their  chief.  The  New 
York  cafiitalists  had  simpl3^  lent  him  their  names,  and  were  naturally- 
less  solicitous  about  the  matter  than  if  they  had  loaned  him  any 
monej\  His  relatives  he  had  of  course  selected  for  personal  fidelity. 
Un 'er  his  direction  the  stockholders  and  directors  met,  passed 
some  cut-and-dried  resolutions,  elected  his  brother  president  of 
the  company,  his  brother-in-law  treasurer,  and  his  cousin  attorney, 
and  adjourned.  That  was  all  he  needed  of  them  for  the  present.  Then 
he  spent  thirty  thousand  dollars  for  thorough  surveys,  testing  diiierent 
routes  in  the  general  direction  of  the  proposed  road.  The  first  visible 
evidence  of  this  expenditure  was  sticks  in  the  ground,  geometrical 
drawings  and  columns  of  figures;  but  it  was  amply  justified,  in  the 
result,  by  the  singular  freedom  of  the  chosen  route  from  deep  cuttings, 
high  embankments  and  long  bridges.  He  was  thus  involved  one 
hun(]red  and  ten  thousand  dollars,  however,  before  he  had  any  assur- 
ances, other  than  his  own  inner  consciousness,  that  he  could  make 
the  project  pay  ;  but  he  knew  a  fact,  woi'th  a  million  dollars,  that 
a  great  trunk  line  was  threatened  with  a  loss  of  its  Chicago 
connection.  The  trunk  line  proper  ended  about  t"wo  hundred 
miles  from  Chicago  and  ran  its  cars  over  a  leased  road  into  our 
city.  The  lease  would  expire  in  a  year  or  two,  and  some  rival 
influence  was  thwarting  attempts  for  its  extension.  The  loss 
©f  the  Chicago  connection  would  degrade  the  trunk  line  into  a  mere  local 
road,  curtail  earnings,  change  the  cheerful  ledger  heading  "Surplus" 
into  that  gloomy  account  "Deficit,"  cut  off  dividends  and  endanger 
interest  on  bonds,  so  that  its  very  existence  was  at  stake.  Accordingly 
my  narrator  called  upon  the  president  of  the  trunk  line  at  an  auspir-ious 
moment  for  the  plan,  which  he  unfolde<l  in  these  words:  "I  want  to 
give  A  ou  a  through  connection  with  Chicago  and  don't  want  any  money 
from  you  "  The  president,  surprised  and  pleased  by  the  beginning  and 
conchision  of  this  statement,  was  prepossessed  in  favor  of  the  scheme 
and  listened  with  interest  to  its  details.  My  narrator's  proposition  was 
simply:  •■  You  give  me  as  much  of  your  western  bound  freight  trans- 
portation as  I  give  you  freight  going  east."  The  proposed  contract  had 
the  simphcity  of  most  great  plans.  Its  reciprocity  feature  recommended  it 
for  adoption.     It  would  insure  the  new  road  much  business  and  thtis 
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lic'lp  to  givp  it  the  necessary  credit  for  selling  cousti'uction  bonds  and  it 
Avoulil  enable  the  old  road  to  hold  its  own  against  rivals.     Tlie  president 
of   the   trunk   line   made  minute  inciuiries  and    was  pleased  witli  the 
tlioroughness  of  the  survej'S,  the  easy  grades,  eligible  town  sites,  area 
under  cuhivation,  and  short  distance  to  Chicago.     He  suggested  that  a 
combination  of  established  roads  might  not  allow  the  new  enterprise  a 
fair  share  of  freight,  but  my  narr;itor  replied  that  he  proposed  to  carry 
freight   low  for  a   year  and  thus  force   a  recognition   by   competition. 
The  momentous  interview  resulted  in  an  acceptance  of  the  proposi- 
tion,  and    articles    of    agi-eenient  were    executed    accordingly.      This 
document  and  the  standing  of  the  railroad  oracle  gave  the  necessary 
credit    for    selling    construction    bonds,    but    no    very    advantageous 
offers  were  made  at  first,   and    an    enormous   bonus  was    demanded 
in  sto :k   and   profits  of  construction,  which  the  railroad  oracle  f^lt  a 
sturdy  disinclination  to  give,  and  tliis  reluctance  had  the  good  effect  of 
making  his  securities  an  object  of  coni[)etition  among  leading  New  York 
bankers.     He  knew,  of  course,  that  every  man  who  brin:.;s  an  enterprise 
in^^o  Wall  street  must  divide,  but  wished  to  make  this  division  out  of  the 
prospective  premium  on  the  bonds,  and  to  keep  the  stock  and  profitb  of 
construction   to  himself.     Ten  million  dollars  in  seve  n  per  cent,  bonds 
were  offered  for  sale.     At  this  stage,  the  president  of  the  trunk  line, 
re  ilizing  the  supreme  importance  of  untrammeled  access  to  the  West, 
made  an  appointment   with  the  railroad  oracle,  and  frankly  said,  "  My 
road  wants  control  of  the  Chicago  connection."     "  All  right,"  replied  the 
railroad  oracle,  "when  it  is  built  you  can  control  it,  but  you  must  guar- 
antee the  bonds  of  the  new  road  out  of  its  gross  earnings,  and  let  me  have 
everything  that  the  road  makes  over  and  above  exijenses."     Oriental 
diplomat ists  would  have  taken  years  to  reach  this  plain  understanding  of 
each  other's  views.  Each  side  had  named  its  ultimatum,  and  both  ultimata 
were  embraced  in  the  ingenious  arrangement  entered  into.     In  the   first 
place,  the  trunk  line  made  the  proposed  guaranty.    In  the  second   place, 
three  kinds  of  stock  were  issued.     One  kind,  an  issue  of  $9,000,000,  rep- 
resented power  ;  it  was  voting  stock.      Each  share  gave  its  holder  one 
vote,  and  a  majority  of  these  shares  could   elect  directors,  and    through 
these  agents  appoint  all  ofiicers  and  employes  and  control  the  road;  but 
this  stock  was,  under  no  circumstances,  to  receive  dividends.    The  entire 
amount  of  simply  voting  stock  was  issued  to  the   president  of  the  trunk 
line  as  trustee  for  his  road.     Thus,  the  trunk  line  controlled  its  Chicago 
connection    The  second  set  of  stock,  called  subsidiary  stock  and  amount- 
ing to  $10,000,000,  meant  wealth,  for  this  stock  was  to  participate  in 
all  dividends   made  ;  it  did   not,   howev^er,    entitle   its  holder  to   any 
voice  in  the  control  or  management  of  the  road.     The  entire  block  of 
subsidiary  stock  was  issued  to  the  railroad  oracle.     Thus  he  was  entitled 
to  receive  what  the  road  made  over  and  above  its  expenses.     There  was 
indeed  a  third  variety  of  stock,  being  the  ordinary  kind,   entitling  its 
holders  to  vote  and  receive  dividends.     Counties  through  which  the  pro- 
posed road  Ind  to  go  had  by  this  time  subscribed  for  a  million  dollars  of 
stock,  and  an  issue  of  this  amount  was  made  in  order  to  obtain  the  ben- 
efit of  those  subscriptions.     It  was  arranged  tha     the  railroad  oracle's 
board  of  directors  were  not  to  be  dispossessed  until  the  road  should  be 
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built.  All  foreseen  contingencies  were  carefully  provided  for  in  a  vvrittert 
document,  but  nevertheless  there  are  possibilities  of  future  litigation  in 
these  comv>licated  ownerships,  enough  to  thrill  the  heart  of  a  corjioration 
lawyer. 

With  the  trunk  line  guaranty  added  to  the  traffic  agreement  therp  was 
no  difficidty  in  disposing  of  the  bonds  advantageously.  A  New  York 
syndicate  agreed  to  take  the  whole  issue  at  ninety-five  cents  on  the  dol- 
lar, and  in  ten  days  placed  them  in  Amsterdam  at  a  hundred  and  tliree. 
The  railroad  oracle  had  a  finger  in  this  pie  and  pulled  out  a  plum,  for  he 
subscribed  to  five  hundred  of  tJie  bonds  as  a  member  of  the  syndicate 
and  tiius  made  $40,000  without  paying  a  cent,  but  simply  by  his  signature, 
a  valuable  autograph.  The  railroad  oracle  now  took  a  partner  to  assist 
him  in  building  the  road,  for  a  division  of  labor  had  become  absolutely 
necessary,  one  man  was  required  to  attend  to  finance  and  the 
other  to  construction.  The  board  of  directors  promptly  awarded  to 
the  new  firm  the  contract  to  build  the  road.  The  new  firm  were  to 
receive  as  compensation  all  the  proceeds  of  the  bonds  as  sold 
at  ninety-five.  This  entire  amount  in  money  had  already  been  deposited 
in  one  of  the  New  York  trust  companies,  and  was  loaned  on  call  at  three 
per  cent,  upon  United  States  securites.  It  was  subject  to  the  order  of 
the  piesident  of  the  trunk  line,  who  honored  the  contractor's  drafts.  It 
was  Jirranged  that  the  contractors  should  pay  the  interest  on  the  bonds 
uniil  the  completion  of  the  road.  With'  bonds  for  ten  million  dollars 
drawing  seven  per  cent.,  and  their  proceeds  only  yielding  three,  it  is  at 
once  apparent  what  a  frightfvil  loss  is  sustained  on  interest  account, 
and  this  seems  at  first  blush  to  have  been  a  blunder  of  the  contractors. 
It  was  really  wisdom,  however,  for  the  loss  in  interest  was  more  than 
counterbalanced  by  the  enormous  advantage  of  buying  everything 
for  cash,  by  reason  of  the  large  discount  allowed  on  such  pur- 
chases. Moreover,  the  contractors  were  in  the  position  to  make 
advances  to  manufactureis  in  corisideration  of  corresponding 
rebates.  By  reason  of  judicious  advances  at  a  period  of  temporary 
depression,  rails  only  cost  the  contractors  fifty-four  dollars  a  ton,  when 
worth  sixty-tw^o  dollars  ;  cars,  tools,  and  so  forth,  in  the  same  proportion. 
The  work  was  prosecuted  with  speed  and  skill.  4.ble  assistants  were 
employed  at  high  salaries.  The  engineer  received  twelve  thousand  dol- 
lars a  year.  When  the  work  of  consti'uction  was  under  full  headway, 
ten  thousand  dollars  were  disbursed  eveiy  day.  At  the  time  of  my  inter- 
view tlie  road  was  within  a  few  months  of  completion,  when  it  would 
form  an  indispensable  link  in  a  great  railroad  system,  running  from  the 
prairies  to  tide-water.  The  railroad  oracle  expected  to  then  retire  to  his 
ancestral  farni  in  New  Jersey  with  a  greater  treasure  than  was  ever  cap- 
tured by  Alaric  or  Attila. 

I  have  not  hitherto  mentioned  the  railroad  oracle's  name,  but  an  un- 
expected incident,  to  which  I  will  shortly  refer,  now  allows  me  to  state, 
that  under  the  name  of  railroaJ  oracle,  I  have  described  John  Condit 
Smith.  Gray-headed  men  will  recall  the  fact  that  he  began  business  as 
a  civil  engineer  in  Illinois  at  the  time  of  the  building  of  the  Illinois  Cen- 
tral. Old  soldiers  will  remember  him  as  Sherman's  quartermaster-gene- 
ral in  the  march  lo  the  sea.     Men  about  town  may  recollect  his  towering 
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form  at  the  Calumet  Club  three  summers  ago.  The  unexpected  incident 
to  which  I  have  referred  as  allowing  me  some  frankness  of  disclosure, 
was  his  death.  It  came  suddenly  iu  the  hour  of  his  triumph,  when  the 
railroad  had  been  completed  ;  and  I  count  such  demise  glorious,  like 
Wolfe's  death  on  the  Heights  of  Abraham,  or  Nelson's  on  the  deck  of  his 
flagsbij).  . 
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By  Theodore   Rosenberg,  Member  op   the  Civil  Engineers'   Club    of 

Cleveland. 
[Read  July  14,  1885.] 


In  laying  the  present  paper  before  the  Club,  I  must  confess  that  I  have 
attacked  a  pioblem  that  has  been  the  study  of  many  an  able  and 
practiced  member  of  the  profession  ;  one  which  has  formed  the  topic  of 
good-rounded  articles,  pamphlets  and  books ;  a  problem  which  has 
busied  the  minds  of  architects,  engineers,  builders,  professional  clubs, 
city  author!  tie  •;  and  the  legislatures  of  States.  The  question  is  as  modern 
looked  at  from  one  pomt,  as  its  importance  is  evident  and  ancient. 

It  having  become  customary  to  speak  of  so-called  fire-proof  buildings  (as 
if  such  a  thing  could  be)  as  monuments  to  the  ingenuity  of  recent  invent- 
ors, it  might  be  well  to  inquire  as  to  the  origin  of  the  term.  We  all 
know  that  buildings  strictly  fire-proof — i.e.,  buildings  that  are  in  each 
and  every  particle  and  detail  of  their  construction  so  constituted  as  to 
not  only  resist  effectually,  but  exclude  by  their  very  nature  the  possi- 
bility of  the  originating  of  a  fire — would  be  untenable.  Imagine  a  house 
built  of  say  stone  and  nothing  else,  or  exclusively  of  iron,  with  or  without 
terra-cotta  casings.  Therefore,  all  that  can  be  aimed  at  by  building  fire- 
proof so-called,  would  culminate  in  the  one  principle,  that  no  matter 
what  the  different  materials  selected  might  be,  their  use  should  be  de- 
termined upon  in  co-operation  with  the  interior  arrangement  to  such 
effect  as  to  confine  the  fire  once  started  to  the  Inclosed  location  where  it 
originated.  But  there  are  buildings  of  a  peculiar  kind  which  should  be 
put  up  under  certain  rules,  framed  so  as  to  cover  all  the  points  necessary 
to  be  observed  and  legally  safe  from  any  tampering  therewith  by  iniquity, 
greed,  and  well  or  evil  purposed  ignorance. 

But  reverting  to  the  classification  of  buildings,  I  would  say  that  there 
are  buildings  whose  pui-poses  in  themselves  express  the  necessity  of  fire, 
protective  construction.  There  are  hospitals,  asylums  for  the  infirm  and 
mentally  deranged,  factories,  assembly  rooms  of  any  kind,  if  contined  to 
pecuUar  surroundings,  churches,  theatres,  barracks,  hotels,  jails,  office 
blocks  and  public  buildings,  as  court-houses,  libraries  and  schools.  Now, 
the  very  considerable  value  of  most  of  such  structui'es  should  recommend 
their  tire-protective  construction.  In  fact  most  court-hous3s  are  in  a 
measure  constructed  so.  Some  of  our  hospitals  would  need  looking  after 
in  that  respect,  and  as  to  some  office  blocks  in  the  heart  of  the  business 
part  of  our  city,  most  of  us  know  on  what  deficient  principles  they  have 
been  built,  and  how  the  means  of  egress  have  not  been  provided  for  in 
number,  quality  and  location.      Our  theatres — well  this  is  a  point  that 
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miglit  well  form  the  contents  of  a  book,  and  might  with  all  detailed 
description  show  only  part  of  the  many  mistakes  made,  the  wanton 
negligence,  the  ignorance  displayed,  and  in  some  instances  the  basest 
motives  that  have  actuated  their  owners  when  planning  their  con- 
struction. No  bin  me  for  this  falls  upon  the  profession.  I  am 
proud  to  state  that  no  architect  of  standing  would  lend  himself  to  carry 
out  a  plan  resembling  some  of  these  death-traps — monuments  of  iniquity 
that  I  msh  might  be  razed  to  the  ground — a  lasting  shame  to  the  memory 
of  their  originators.  Imagine  a  theatre  hemmed  in  on  two,  and  in  some 
instances,  on  three  sitles  by  buildings  of  equal  height,  with  thin  brick 
walls  surrounding  them  filled  with  material  of  the  most  inflammable 
character,  with  inadequate  means  of  egress,  occupied  by  a  ful':  audience. 
Imagine  such  a  theatre  on  fire  ;  nay,  imagine  but  the  effect  even  a  false 
alarm  would  produce.  There  is  one  of  those  hells  right  here  in  this  city, 
and  do  what  you  will  in  the  way  of  providing  fire-escapes,  you  will  never 
be  able  to  dissuade  me  from  predicting  a  holocaust  that  will  probably 
resemble  those  of  Vienna  and  Nice,  or  outdo  them,  if  but  for  the  sake  of 
transatlantic  superiority. 

One  need  be  no  cynic  to  view  the  results  of  the  Chicago  fire  in  the  light 
of  the  tendency  prevailing  in  that  city  to  build  in  a  substantial  and  fire- 
protective  m.anner,  but  it  is  a  sad  fact  that  we  acquire  wisdom  by  bitter 
expei'ience  that  sometimes  might  be  spared  to  ub  by  the  exercise  of  sound 
reason  and  judgment  in  proper  time. 

The  means  to  construct  reasonable  protection  from  fire  have  been  but 
insufficiently  employed  in  most  instances,  because  of  their  supposed  cost. 
The  arrauKeraent  of  the  interior  might  in  some  cases  set  at  naught  the 
very  costliest  construction,  consisting  in  heavy  rolled  beams  and  girders, 
incased  m  one  and  two  shells  of  terra  cotta.  I  mention,  for  instance,  the 
danger  arising  from  the  faulty  construction  of  an  elevator,  or  else  we 
might  observe,  as  was  the  case  at  a  recent  fire  in  a  fasliionable  apartment 
house  in  tiiis  city,  a  sufficient  fire-protective  construction  everywhere 
but  in  the  top  story  and  roof,  for — so  it  is  explained — the  walls  were  not 
strong  enough  to  support  a  fire-safe  roof.  In  some  other  instances  it  was 
observed  that  the  very  simplest  means  prevented  fires  from  making  fur- 
ther progress,  and  this  in  buildings  full  of  combustible  materials.  No.  16 
iron  plates  on  both  sides  of  a  medium  thick  door  protected  a  vast  store 
of  oils  and  paints  from  being  burned  ;  the  iron  was  buckled,  the  wood 
scorched  in  some  i)laces,  still  the  fire  without  did  not  penetrate  the  door, 
and  considerable  stores  were  saved.  One-inch  layers  of  plaster  or  mortar 
placed  between  joists  on  rough  boards,  and  covered  with  asbestos  felt, 
upon  wliich  the  top  floDr  rests,  might  be  considered  effectually  fireproof  ; 
that  is,  they  wdl  withstand  a  fire  from  below  until  the  engines  arrive. 
Some  might  say  that  a  fire-piotective  structure  need  not  depend  on 
the  fire  department ;  still,  I  have  not  heard  of  a  case  where  the 
department  was  noi  called  out  in  case  a  "fireproof"  block  caught  fire. 
Even  our  frame  houses  might  be  rendered  comparatively  safe  by  inter- 
secting the  flues  formed  by  the  covered  framing,  by  plastered  or  brick- 
bat-covered boards.  The  mode  of  shutting  off  the  basement  from  the 
framing  by  bricking  in  from  top  of  the  foundation  behind  the  sill  to 
under  side  of  floor,  and  in  case  of  a  braced  frame,  by  bricking  on  top  of 
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tlie  dropped  girt  and  top-plates,  as  well  as  plastering  heavily,  instead  of 
deafening  between  floors,  has  grown  in  favor  and  has  been  fretiuently 
used  of  late.  The  latest  novelty  in  more  substantial  buildings  is  the  use 
of  doweled  boards  forming  arches,  in  place  of  brick  or  terra  cotta 
iiround  iron  girder?,  which  wood  arches  are  honeycombed  by  iron  en- 
cased in  wooden  [ilates,  and  a  similar  treatnient  to  flat  floors  and  ceil- 
ings, as  well  as  the  emi)loynient  of  wood-cased  iron  between  studs,  for 
wliicli  system  great  efficiency  in  the  way  of  fire  protection,  durability, 
litrhtiiess,  strength  and  cheapness  is  claimed.  It  has  been  patented  by 
Architect  Leo  Stauli.  of  Pittsburgh,  and  bids  fair  to'win  favor  with  the 
profession.  The  inventor  uses  for  a  combination  of  a  waterproof  floor 
and  a  fireproof  ceiling  matched,  tongued  and  gi-ooved  flooring  ni  one 
layer  placed  in  the  usual  way,  and  a  layer  of  surfaced  boards  laid 
diagonally  and  nailed  to  the  joists.  Between  these  two  layers  of  boards 
are  placed  rectangular  pieces  of  sheet  lead,  not  lapped,  but  placed  like 
flags  and  soldered  together.  The  long  spaces  between  joists  are  divided 
into  compartments  by  the  use  of  planed  boards  inclosing  a  layer  of  sheet 
metal.  The  ceiling  below  is  formed  in  a  similar  manner,  in  reversed 
oriler,  and  the  layer  of  metal  between  the  boards  is  sheet-iron,  cemented 
at  the  joists. 

By  screwing  the  two  layers  of  floor  and  ceiling  boards  respectively  to- 
gether, the  inventor  claims  to  produce  the  desired  effect  in  the  best- 
known  way.  He  furthermore  makes  naention  of  the  comparative  ineffi- 
ciency of  terra  cotta  and  brick  or  mortar,  and  plaster  covering  of  iron 
supports  or  girders,  w^hich  offer  not  the  most  desirable  protection 
against  I'xpansion  of  the  inclosed  metal  by  exposure  to  the  fierce  heat  to 
which  they  are  sometimes  subjected.  He  also  incloses  iron  columns  by 
two  layers  of  wood  casings,  plate  metal,  tightened  diametrically  by  screws. 
In  a  like  way  compound  columns,  girders  and  whole  trusses  may  be  pro- 
tected. Vaults  for  storage  of  valuables  are  constructed  of  five  layers  of 
l)oards  and  four  layers  of  sheet  metal  between  them,  screwed  together 
through  the  thickness  of  the  whole  casing  and  intermediate  layers  ;  the 
jcrews  are  being  set  into  the  wood  and  tl^e  set  holes  cemented.  For  a  de- 
tailed description  I  refer  to  the  supplement  of  No.  476,  American  Archi- 
tect of  Fel>ruary  7.  1885,  from  which  I  have  gleaned  the  above  notes. 

That  our  terra  cotta  casings  for  iron  structural  parts  are  not  always 
the  surest  protection  against  undue  expansion  and  afterward  cracking 
and  bending  of  the  iron,  may  be  seen  from  Messrs.  J,  C.  Buckle  and  A. 
E.  Woodruff's  comparative  table  of  the  value  of  different  materials  as 
conductors  of  heat,  from  which  we  see  that 

Slate  =  1000  Dry  oakwood  =  336 

Common  brick  =  660  Cement  plaster  =  200 

Fire  brick  =  620  Plaster  paris  and  lime  =  225 

Asphaltum  —  451  Cast-iron  =  11,000 

in  their  respective  value  as  conductors — and  knowing  that  the  greater 
the  structural  density  of  a  material,  the  greater  the  value  as  a  conductor 
of  heat — the  smaller  that  as  a  protector  against  heat  is,  we  must  conclude 
that  the  metals  have  as  such  no  place  in  the  class  of  fire-safe  materials. 

From  this  table  we  also  see  that  such  terra  cotta  casings— ranging 
with  fire-brick — should  be  carefully  plastered  and  finished   in  plaster  of 
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paris.  Tliis  isdone  Mith  coluinns,  but  not  always  with  ceilings  and 
floors.  Now  wood,  dried  thoroughly,  treated  with  a  preservative  and 
used  in  combination  with  iron,  either  in  sheets  where  wood  itself  serves 
as  a  support,  or  combined  wit li  metal  sheeting,  to  protect  iron  or  inde- 
pendent wooden  supports,  or  finally,  wood  combined  with  plate  metal 
and  cement  gj-psum.  would  appear  to  be  as  efficient  a  protective  against 
fire  as  any  other  known  combination,  and  preferable  on  account  of  the 
saving  in  cost.  This  should  lead  our  buildii;g  owners  to  the  resolve  to 
construct  all  those  buildings,  referred  to  previously,  as  safe  from  fire  as 
possible.  The  question  of  cost — though  certainly  not  a  very  important 
one — becomes  with  our  present  knowledge  of  the  different  materia  s  a 
secondarj'  one,  and  it  needs  only  the  proper  impetus  given  by  the  author- 
ities to  encourage  the  building  of  comparatively  low  cost  and  yet  fire- 
safe  buildings. 

Where  cost  is  from  tlie  start  a  secondary  consideration,  the  so-called 
woodstone,  an  English  ])atent,  would  seem  to  fill  the  bill  in  more  than 
one  instance. 

The  woodstone  is  a  compound  of  sand,  free  clay  and  peat,  mixed 
very  thoroughly  bj^  machinery  constructed  for  this  purpose,  and  the 
mixture,  after  having  been  subjected  to  a  pressure  of  several  atmos- 
pheres, is  dried  artificially  for  about  six  days  and  afterwards  burned  48 
hours. 

The  woodstone  ought  to  make  a  very  desirable  matt  rial  for  the  con- 
struction of  such  parts  of  buildings  as  are  designed  to  be  light,  and 
yet  rigid  and  safe  from  tire.  Besides  claiming  these  quahties  for  his 
invention,  the  patentee  describes  the  material  as  being  only  half  as  heavy 
as  brick,  but  might  be,  according  to  the  purpose  for  which  it  is  intended 
to  be  used,  made  heavier  or  still  lighter.  V/oodstone  may  be  treated  like 
brick  or  stone  as  regards  bonding  it  by  mortar  or  cement,  with  both 
of  which  it  may  be  treated  also  surfacial,  or  it  might  be  nailed,  sawed, 
polished  and  jiainted  in  oil  or  al  fresco  with  mural  colors.  It  is  said  to 
be  a  poor  conductor  of  heat,  sound  and  electricity,  and  absolutely  fire, 
water  and  acid-proof  if  proiterly  treated,  and  may  be  also  used  as  an 
insular-covering  for  underground  wires  or  submarine  cables,  or  in  place 
of  asbestos  packing  and  covering  for  steam  ducts.  All  it  needs  now  is 
the  feasibility  of  cutting  it  into  large  sheets  for  flies,  softits,  wings  and 
drop  curtains,  dress  goods  for  actors  and  firemen,  and  the  millennium  of 
theatre  building  will  have  surely  arrived. 

A  material  resembling  the  woodstone  somewhat,  is  the  corkstone — a 
compound  consisting  of  the  remnants  of  cork  stopper,  manufactory  clay 
and  air-slaked  lime,  thoroughly  mixed  to  a  stiff  paste,  molded  and  air- 
dried.  Its  specific  weight  is  U.3,  a  single  brick  of  the  dimensions  2|  in. 
X  4rl  in.  X  10  in.  weighing  only  -f^j  of  a  pound.  If  plastered  on  both 
sides,  these  bricks  are  claimed  to  be  indestructible  by  fire.  They  are 
used  mostly  on  the  Upper  Rhine  for  roofing  purposes  in  thin  layers,  and 
in  normal  size  for  partitions  or  unloaded  arches. 

Terra  cotta  wood,  a  patent  of  Mr.  C.  Gillman,  of  New  York,  if  I  am 

not  mistaken,  is  mainly  composed  of  kaolin  and  savv-dust.     According 

to  the  desired  degree  of  porosity,  the  mass  contains  from  one  to  three 

imes  as  much  kaolin  as  saw-dust  ;  it  is  then  subjected  to  a  strong  pres- 
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sure,  ami  the  eyliiulrical  blocks  so  obtained  are  first  dried  and  then 
burned  to  a  white  heat.  These  blocks  weigh  not  quite  half  as  much  as 
our  coinnion  hard  bricks ;  they  are  indestructible  by  fire,  and  may  be 
trcateil  like  the  wood-stone  just  described.  I  do  not  know,  however, 
tliat  tliey  have  been  used  practically  to  any  extent.  t)ur  usual  forms  of 
li()lh)w  l)ricks  from  the  Ohio  Kiver  offer  a  sure  i)rotection  from  (ire 
Unfortunately,  their  use  is  confined  to  the  filling  in  and  forming  flat 
arches  between  iron  beams,  the  lower  flanges  of  which  are  not  sufii- 
ciently  covereil  to  prevent  warping  of  the  iron.  A  trial  of  these  bricks 
inclosing  wooden  beams  was  made  some  three  years  ago  in  New  Yoi'k, 
and  very  satisfactory  results  were  obtained.  A  fire  burning  fiercely  for 
one  hour  did  not  even  discolor  the  joists  inclosed  and  covered  by  these 
hollow  bricks. 

After  the  manj'  trial»  with  a  number  of  moi'e  or  less  meritorious  pro- 
tectives  in  the  line  of  l)uilding  materials  and  the  contemplation  of  such 
frightful  disasters  as  had  happened  in  crowded  buildings,  more  espe- 
cially after  the  fire  of  the  Vienna  Ring  Theatre  some  four  years  ago.  a 
society  was  started,  that  had  for  its  members  some  of  the  foremost 
architects  and  civil  engineers  of  that  city,  and  for  its  main  ])urpose  the 
contrivance  of  means  by  which  to  build  a  theatre  as  nearly  fire-proof  as 
possible.  It  seems  that  something  has  been  done  towai'd  the  realization 
of  their  purpose,  for  a  theatre  built  according  to  the  outline  specifications 
furnished  by  that  society  shows  a  vast  improvement  over  the  prevailing 
style. 

All  the  ])artitions  in  the  whole  house  are  built  of  strong  hollow  brick. 
Even  the  box  compartments  are  treated  thus.  All  the  intricate  machinery 
behind,  above  and  under  thestagp,  is  run  by  water  power.  An  immense 
proscenium  wall  separates  the  stage  from  the  auditorium.  The  dress- 
circle  and  pit  show  for  every  tier  of  two  rows  of  seats  on  each  side  of  the 
main  aisle,  a  separate  exit  into  the  foyer,  running  around  the  whole 
horseshoe-formed  auditorium  in  abnormal  width.  This  foj'er  is  similar 
in  each  story.  The  wall  between  the  foyer  and  the  aiiditorium  is  double 
and  its  compartments  formed  liy  tlie  doors  and  their  jambs  are  used  as 
ventilation  flues. 

The  galleries  do  not  rise  one  on  top  of  the  other,  but  are  arranged  in 
ami)hitheatrical  form,  so  that  each  individual  spectator  may  look  at  the 
stage  from  any  point  of  the  house.  The  exits  for  the  galleries  grow  more 
numerous  the  higher  they  are  situated.  Stairways  of  easy  rise  and 
of  ample  width  are  provided  everywhere,  and  doors  are  arranged  to 
swing  both  ways.  There  are  four  stairways  for  each  gallery,  all  straight, 
leading  directly,  without  a  turn,  out  of  the  building. 

The  ceiling  is  double,  and  is  made  of  sheets  of  asbestos-covered  iron, 
tlie  lower  one  of  which  is  i)erforated  for  ventilation  purposes.  Of 
course,  all  the  dressing  and  living  apartments,  as  well  as  storage,  ma- 
cliinery  rooms,  etc.,  are  treated  with  the  same  endeavor  to  prevent  a 
tire  as  much  as  possible.  Water-plugs  are  placed  conspicuously  in  nu- 
merous places.  The  iron  curtain  works  in  two  halves,  resembling  some- 
what our  sash  balances.  If  not  used,  the  proscenium  opening  is  free. 
It  is,  however,  ready  for  use,  and  one  part  coming  down  from  a  level 
above  the  opening  pulls  the  lower  part  up,  the  upper  edge  of  which 
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reaches  to  the  lower  line  of  the  footlight  gutter.  The  upper  part  has  ail 
extension  hinged  on  its  lower  edge,  which  drops  at  the  moment  of  the 
junction  of  the  two  main  divisions,  thus  forming  a  double  protection. 
This  curtain  runs  sideways  in  a  rigid  frame,  forming  a  vertical  track,  and 
is  sufficiently  strong  to  keep  its  place  and  resist  the  draft  of  a  tire  long 
enough  to  allow  the  house  to  be  emptied  in  time.  Next,  it  would  be  in 
place  to  mention  an  instance  or  two  showing  what  unthought-of  origin 
fires  may  have  some  time.  I  have  it  on  good  authority  that  the  gas  used 
for  lighting  purposes  contains  gasoline — that  is,  it  enriches  the  gas,  or,  in 
other  words,  it  is  cheaper  for  tlie  gas  companies  to  use  gasoline  in  commou 
with  coal  for  the  jmrposeof  manufacturing  gas.  Should  such  gas  leak  in 
gx'eater  quantities,  the  coal-gas  would  naturally  rise  to  the  highest  part  of 
the  room,  while  the  gasoline  would  remain  below,  and  a  casual  ignition 
of  the  gas  at  the  upper  level  would  cause  the  vaporized  gasoline  to  ex- 
plode also.  It  is  asseiled  tliat  the  Park  Theatre  fire  could  not  have 
assumed  such  proportions  as  it  did,  but  for  this  cause.  The  quantity  of 
escaped  gas  was  not  great  enough  in  itself  to  do  as  much  damage  as  was 
done  by  the  second  explosion  caused  by  the  ignition  of  the  gasoline.  The 
shock  was  big  enough  to  nearly  burst  the  proscenium  wall  and  move  it 
bodily  out  of  x)lace.  Two  distinct  exijlosions  were  observed  ;  the  first,  the 
lower  one,  is  said  to  have  been  comparatively  insignificant ;  balls  of  fire  were 
seen  to  fly  about,  and  then  after  a  distinct  space  of  time,  the  second  ex- 
plosion took  place.  The  indiscriminate  handling  of  telephone  and  other 
electric  wires  may  cause  explosions  and  set  fire  to  buildings,  considered 
safe  otherwise.  I  know  of  a  fire  in  one  of  the  fire  engine  stations  in  this 
city  which  was  caused  by  concentrating  a  battery  capacity  designed  to 
supply  six  circuits  each  of  from  five  to  seven  miles  long  into  one  single 
circuit.  In  conclusion,  I  will  say  that  a  city  of  the  size  of  Cleveland 
might  well  support  a  building  bureau,  or  whatever  other  name  you  might 
want  to  give  it,  and  without  assuming  to  particularize  the  duties  of  such 
a  department,  I  believe  it  would  meet  the  approval  of  the  profession  and 
all  rightly  concerned  in  buildings. 

Such  a  building  bureau  should  have  charge  of  the  examination  of  all 
plans  of  contemplated  buildings,  additions,  alterations,  etc. ;  of  filing  the 
accepted  ones  by  coi>ies,  and  keeping  records  thereof,  and  should  also  be 
authorized  to  issue  buildmg  certificates,  all  of  which  would  give  us 
valuable  statistics  of  buildings  in  a  city  of  one  quarter  of  a  million  in- 
habitants, where  hundreds  of  thousands  of  dollars  are  annually  expended 
in  building.  I  believe  it  would  not  be  beyond  the  province  of  this 
Club  to  take  the  iuitiative  step  toward  the  creation  of  such  a  depart. 
ment. 
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SOME  (CONSIDERATIONS  OF  THE    RELATION   OF  BED   TO   THE 
VARIABLES  IN  RIVER  HYDRAULICS. 


]U   Jamks  A.  Seudon,  Member  op  the  Engineers'  Club  ok  St.  Louis. 
[Read  January  6,  1886.] 


It  is  of  course  unnecessary  to  call  the  attention  of  river  engineers  to 
the  eliangeal)le  character  of  cross-section  in  alhivial  rivers.  Among 
others,  a  valuable  paper  by  Mr.  McMath  (See  Report  Mississippi  River 
Commission,  1881,  p.  343),  has  brought  one  phase  of  this  subject  promi- 
nently forward.  It  is  thought,  hovirever,  that  the  extent  of  this  change 
is  not  realized  bj'  the  general  profession.  The  change  here  meant  is  not 
the  dilference  between  a  cross-section  at  one  point  of  the  river  and  an- 
other at  a  different  point,  but  tlie  difference  between  the  cross-section  at 
the  same  point  at  different  dates. 

Simply  as  an  illustration  I  have  prepared  tvvo  contrasted  sections,  pre- 

PLATE    A.     Scales:   Horizontal.  300  ft.  =  1  inch.     Vertical,  7.5ft.  =  1  inch, 
-r^ ,.^ 
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sented  on  Plate  A.  It  shows  the  difference  in  bottom  for  two  determina- 
tions about  four  months  apart,  or  the  soundings  are  reduced  to  the  same 
gauge  height  and  plotted.  This  is  not  an  extreme  case  at  all,  but  is  pre- 
sented as  about  a  fair  example  of  the  change  that  may  be  met  with  on 
the  Missouri  River.  From  this  some  definite  idea  can  be  got  of  how 
the  bed  of  the  river  varies  as  a  whole. 

The  phase  of  this  variation,  which  has  been  before  spoken  of  as  having 
been  brought  prominently  forward,  is  the  effect  of  one  cross-section  on 
another.  This  is  considering  the  interactions  between  different  parts  of 
the  bed,  and  differs  from  that  view  which  seeks  the  cause  of  a  given 
condition  of  bed,  considered  as  a  whole.  In  other  words,  the  cross-sec- 
tion has  been  regarded  in  the  light  of  being  itself  a  caM.se  of  certain 
changes  ;  it  is  wished  by  the  v.riter  to  consider  it  only  as  in  itself  an 
effect  of  certain  forces. 

That  the  nature  of  the  relation  between  the  effect  and  its  cause  may 
be  discussed,  the  hydraulic  term  "Uniform  Flow  "  will  be  defined  and 
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used,  and  in  its  definition  two  other  terms  with  special  meanings 
"  Energy  "  and  "  Resistance." 

Energy — written  "^" — will  be  used  as  the  number  of  foot-pounds 
received  from  the  action  of  gravity  on  the  masses  of  water  in  a  given 
length  of  stream  during  one  second.  Its  value  is  62.4  Q  H  ;  where  Q  is 
the  number  of  cubic  feet  of  wuter  that  flow  through  any  of  the  cross- 
sections  of  the  reach  during  one  second,  and  His  the  ditfereiice in  height 
of  water  surface  at  the  upper  and  lower  ends  of  the  given  length  of 
stream  considered.  62.4,  of  course,  is  the  weight  of  a  cubic  foot  of 
water,  and,  being  the  constant  factor  for  the  units  taken,  will  be  regarded 
as  understood,  in  the  future,  so  that  Energy  will  be  written  E  =  Q  H. 
To  make  this  equality  perfectly  clear,  suppose  we  had  a  stream  flowing 
witli  the  constant  discharge  of  10  cubic  feet  per  second  ;  now,  if  we  con- 
sider a  length  of  100  feet  of  this  stream,  having,  say,  a  fall,  or  difference  in 
the  height  of  water  surface  at  the  two  ends,  of  one  foot,  we  see  that  dur- 
ing one  second  10  cubic  feet  of  water  pass  into  this  volume  at  ihe  upper 
end,  and  10  cubic  feet  pass  out  at  the  lower  end  with  one  foot  lower 
potential  energy,  the  volume  of  water  in  the  length  considered  remain- 
ing the  same  ;  we  may  now  see  the  equality  stated  above,  that  is,  that 
the  sum  of  all  the  particles  of  w^ater  into  theu-  elements  of  fall,  during 
one  second,  in  this  100  feet  of  stream,  is  equal  to  10  cubic  feet  of  water 
falling  through  one  foot,  or,  as  stated,  E  —  Q  H. 

Resistance — written  "  B" — will  be  used  in  a  strictly  similar  sense.  It 
will  be  defined  as  the  number  of  foot-pounds  expended  in  friction  in  a 
given  length  of  stream  during  one  second. 

It  follows  from  these  definitions,  that  considering  energy  and 
resistance  fcr  the  same  length  of  stream,  we  have  the  following  relation 
between  them  :  Resistance  +  the  increase  in  kinetic  energy  or  re- 
sistance -f  the  energy  stored  in  change  of  velocities  through  the  reach  = 
energy.  Now  "  uniform  flow"  is  defined  as  that  condition  of  flow  in 
which  resistance  =  energy,  in  other  words,  all  the  energy  given  by 
gravity  to  the  falling  masses  of  wat<^r  is  expended  in  friction.  This  may 
be  true  for  an  element  of  length,  or  true  for  a  reach  of  considerable 
length,  taken  as  a  whole,  yet  not  true  for  the  elements  of  that  reach. 

A  word  here  in  the  way  of  elementary  hydraulics.  It  is  plain  that  in  an 
open  trough  leading  from  a  reservoir,  uniform  flow  will  be  established 
at  given  distances  from  the  reservoir  for  given  mclinations  of  trough, 
and  will  continue  indefinitely  along  the  trough  from  the  point  where  it 
commences  ;  for  up  to  this  point  energy  is  being  stored  in  A'elocity  or 
velocities  are  increasing.  Experiment  has  also  shown  that  resistance  in- 
creases with  some  power  of  velocity  ;  so  that  up  to  the  point  resistance  is 
also  increasing,  and  at  the  point  R  =  E,  and  from  thereon  they  are  con- 
stant and  equal.  By  seeing  in  this  way  that  any  difference  between 
energy  and  resistance  soon  produce  equality  between  the  two.  we  come 
to  the  conclusion  tliat  generally  a  reach  may  be  selected  at  any  part  of 
the  river,  which,  taken  as  a  whole,  satisfies  the  conditions  of  uniform 
flow,  though,  unlike  the  trough,  the  elements  of  this  reach  may  not 
satify  the  conditions.     For  such  a  reach  then  E  =  R. 

Now  E  consists  of  two  factors,  the  size  of  the  river  or  Q,  determined 
by  its  drainage  basin,  and  the  fall  or  H,  in  the  main,  determined   by  the 
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vallpy  slope.  Those  are  perfectly  indcptMident  variables,  aiul  it  is  seen 
that  energy  reaches  its  equality  with  resistance  by  tlie  change  of  those 
conditions  alone  on  which  resistance  depends.  H  ia  regarded  as  an  inde- 
pendent variable  because  it  is  so  in  the  line  considered  in  this  paper  :  it 
has.  however,  a  dependent  feature  which  assumes  importance  where 
ht'iul  development  is  to  be  con-iidered. 

One  more  stej)  in  this  generalized  reasoning,  and  we  will  pass  to  some- 
thing more  definite. 

By  the  cou>tant  change  of  cross  section  the  assumption  is  justified 
th:tt  the  material  composing  the  bed  of  an  alluvial  river  is  in  a  condition 
ol"  strain  that  is  close  to  the  maximum  strain  that  it  can  bear  without 
iiiiivement.  It  almost  goes  without  snyiug  that  a  portion  of  the  bed  that 
li  \s  Just  stopped  scoui-ing  has  just  reached  the  point  where  the  friction 
of  the  water  can  no  longer  move  it.  Tliis  is,  at  first,  not  so  apparent  for 
a  fill  ;  in  fact,  tliere  are  certain  kinds  of  fill  where  it  is  not  true,  an  in- 
stance of  which  is  the  fill  at  the  point  of  a  reef.  An  eye  study  of  this 
question,  however,  will  sliow  that  fill  in  many  cases  cannot  be  dis- 
tinguished from  scour  except  by  tiiial  effects,  they  both  being  an  accom- 
paniment of  a  general  movement  of  material  along  the  bed  of  the  stream, 
and  strain  at  any  point  above  or  below  tlie  maximum,  producing  in  the 
one  case  the  final  effect  of  scour,  in  the  other  case  fill.  We,  therefore, 
repeat  that  the  material  composing  the  bed  of  an  alluvial  river  is  in  a 
condition  of  strain  that  is  close  to  the  maximum  strain  that  it  can  bear 
%vithout  movement.  For  convenience,  when  this  condition  is  exactly 
fulfilled — that  is,  when  the  strain  is  not  clo.se  to  the  maximum,  but  is 
the  maximum,  it  will  be  called  bed  or  sections  in  equilibrium  with  the 
forces,  or,  more  briefly,  in  equilibrium. 

Now  these  strains  in  the  material  are  the  reactions  of  those  forces 
which  measure  resistance.  Assuming  then  that  the  bed  of  a  stream  is 
composed  of  one  given  material,  that  is,  that  this  maximum  strain  is  a 
constant,  and  that  the  condition  that  holds  approximately-  in  the  alluvial 
river  holds  exactly  in  this  stream,  that  is,  that  bed  is  in  equilibrium  with 
the  forces,  we  conclude  that  a  change  of  resistance  can  only  accompany 
a  change  of  bed.  For  brevity,  ibis  conclusion  will  be  stated  R  —  /(bed), 
where  a  somewhat  extended  meaning  of  the  term  /  is  introduced.  We 
have  then  in  the  case  of  uniform  flow  for  au  dement  of  length  E  =  R 
or  Q  H  =  f  (cross-section). 

A  convenient  way  of  seeing  the  bearing  of  this  is  in  its  contrast 
with  the  case  of  the  trough  mentioned  before.  For  the  trough,  we 
might  say  that  uniform  flow  was  established  for  any  slope  by  the  change 
of  velocities,  while  in  the  river  it  was  established  by  change  of 
cross-section,  since  in  the  river  velocities  were  constrained  in  some 
way  by  the  bed's  ability  to  bear  them. 

The  writer  has  made  some  experiments  in  one  branch  of  this  subject, 
that  is,  for  a  straight  reach.  Tliis  mvolves  the  simplest  form  of  the 
ecpuition  (j) /f  — /(cross-section),  since  the  cross-section  is  in  this  case 
symmetrical  as  regards  the  centre  line.  The  more  complicated  form  for 
UDsynuuetrical  sections,  or  rather,  the  general  problem  of  bend  develop- 
ment, should  come  after  the  straight  reach  had  been  solved. 

Before  taking  up  the  experirnents,  as  a  general  summary,  the  condi- 
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tions  are,  there  sliall  be  uniform  flow  in  a  homogeneous  material  in  a 
straight  reach  and  tlie  cross-sections  shall  be  in  equilibrium  with  the 
forces;  the  conclusion  is,  there  is  one  cross-section  and  only  one  for  each 
value  of  discharge  and  slope. 

Some  of  the  cross-sections  of  these  experiments  with  their  respective 
values  of  discharge  and  slope  are  presented  on  Plate  B.  The  mean  veloc- 
ity for  each  cross-section  has  been  also  given,  furnishing  some  illustra- 
tion of  how  velocities  are  constrained  by  the  material,  as  before  stated. 
The  vai-iation  of  velocity  shown  is  hardly  more  than  the  possible  error  of 
measurement  while  slope  changes  through  a  ratio  of  about  1  to  3.  In  the 
sections  presented  there  is  apparently  a  variation  in  velocity,   giving  a 
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minimum  for  the  middle  slopes.  This  is  believed  to  be  an  accident  of  the 
errors  of  measurement,  as  other  sections  about  as  carefully  taken  do  not 
show  it. 

The  units  for  the  values  given  are  for  slope,  fall  in  feet  for  one  foot  of 
length,  for  mean  velocity  the  foot  per  second,  and,  for  discharge,  the 
cubic  foot  per  second. 

In  these  experiments  which  the  writer  was  enabled  to  make  through 
the  kindness  of  Colonel  Flad,  there  were  two  questions  to  settle  at  the 
beginning.  First.  What  might  be  considered  a  constant  material  ?  In 
regarding  material  as  one  of  the  independent  variables  m  river  phenom- 
ena, the  strictly  mathematical  term  of  "  constant"  is  preferred  to  the 
rather  indefinite  one  of  "  homogeneous."  Second.  How  closely  would 
the  cross-sections  in  equilibrium  be  developed  by  the  action  of  the 
forces  ? 

First,  as  regards  material,  the  range  in  expei'iment  was  too  small  to 
get  beyond  conjecture,  except  for  the  material  in  which  sections  shown 
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on  '"Plate  B"  were  taken.  Tin's  material  was  river  sand,  and  the  writer 
is  satisfied  that  there  is  little  error  in  eallinfz;  it  constant.  In  i-e<?ard  to 
the  second  (juestion,  it  was,  of  cour.se,  a|>i)arent  that  in  water  without 
sediment  you  could  not  work  in  ihe  diivclion  of  change  from  greater  to 
less  slope,  dischai'ge  heing  constant  ;  for  if  the  cross-section  had  taken 
that  form  where  it  could  furnish  without  movement  of  material  a  resist- 
ance etiual  to  the  greater  energy,  it  would  not  move  for  the  less.  The 
experiments  were  therefore  confined  to  change  from  less  to  greater 
slope,  and  it  was  concluded  that  a  cross-section,  at  least,  close  to  the 
section  of  equilibrium,  would  be  developed  in  this  direction. 

These  conclusions  were  reached  as  follows  :  Arrangements  were  made 
for  securing  at  will  a  constant  discharge  in  a  trough  that  could  be  easily 
set  at  any  inclination.  This  trough  was  then  filled  with  the  material 
tliat  was  to  form  the  bed  of  the  stream,  a  straight  channel  made  in  it, 
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and  the  discharge  turned  on.  The  inclination  of  the  trough  was  then 
increased  until  the  energy  was  moving  the  material  at  every  point  of  the 
bed;  it  was  then  left  until  the  movement  stopped  and  the  cross-section 
was  noted.  A  greater  inclination  was  then  given,  and  so  on  until  a  con- 
siderable range  of  slope  had  been  covered.  The  whole  series  would  he 
then  repeated  a  number  of  times.  Now,  when  the  same  cross-section 
was  developed  each  time  for  a  given  inclination  of  trough,  the  two-fold 
conclusion  was  reached,  that  the  material  might  be  considered  a  con- 
stant and  that  the  cross-section  depended  alone  ujjon  slope  (discharge 
being  constant)  and  was  therefore  the  theoretic  cross-section  of  equi- 
librium. * 

I  should  state  that  the  cross-sections  developed  for  the  same  inclina- 
tion of  trough  were  not  exactly  identical  each  time,  but  it  was  also 
found  impossible  to  make  the  slope  of  the  water  surface  identical,  and 
the  difference  between  cross-sections  was  so  slight  that  it  was  thought 
that  it  was  fairly  accounted  for  by  this  difference  in  slope,  not  to  men- 
tion the  pos.sibility  of  slight  divergence  from  uniform  flow  existing.  It 
would  be  too  long  to  give  all  the  details  of  these  preliminary  experi- 
ments, but  altogether,  watching  them  with  no  wish  to  cut  out  for  my- 
self work  for  nothing,  I  was  led  to  the  conclusions  staled  above. 

Being  satisfied,  then,  that  the  given  material   might   be  regarded  a 
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constant  as  affecting  the  development  of  cross-section,  and  that  the 
cross-sections  developed  under  the  artificial  control  of  the  forces  were 
close  to  the  sections  of  equilibrium,  I  measured  carefully  the  discharge 
slope  and  cross-section  through  as  large  a  range  as  I  could  with  the 
apparatus  that  I  had.  The  apparatus  is  shown  on  "  Plate  C."  It  will  be 
seen  that  the  upper  and  lower  ends  of  the  trough  were  filled  with  gravel 
to  resist  the  tendency  to  wash  out  there.  The  ranges,  where  sections 
and  slopes  were  mostly  taken,  are  also  shown. 

The  range  of  the  experiments  was  practically  only  a  series  of  cross- 
sections  for  a  variation  m  slope,  since  but  a  small  change  in  discharge 
could  be  made  with  the  apparatus.  The  range  in  slope,  however,  about 
covered  the  variation  possible  between  the  physical  limits  for  that  dis- 
charge; the  lower  limit  being  that  slope  that  would  just  move  the  mate- 
rial in  the  least  resisting  cross-section,  the  upper  limit  being  such  excessive 
slope  that  it  was  hardly  possible  to  maintain  a  straight  reach,  movement 
of  material  becoming  localized  and  going  on  to  the  development  of  bends 
before  the  equilibrium  of  the  straight  reach  had  been  attained. 

Enough  points  in  this  range  to  indicate  the  general  character  of  change 
are  given  on  "  Plate  B." 

A  word  here  in  the  nature  of  repetition.  These  cross-sections  were  in  a 
straight  reach  in  a  constant  material  where  a  condition  close  to  uniform 
flow  existed,  and,  hence,  where  energy  or  Q  H  =  resistance,  they  were 
formed  by  an  excessive  energy  which  first  caused  a  general  movement 
of  the  material,  which  movement  slowly  stopped  under  the  changes  that 
were  taking  place  in  energy  and  cross-section  ;  they  could  be  reproduced 
any  number  of  times  by  reproducing  the  discharge  and  slope  ;  they  were 
therefore  the  results  of  the  operation  of  a  law  of  formation  of  cross- 
section  dependent  on  discharge  and  slope,  which  law,  when  determined, 
expresses  the  relation  that  must  exist  between  discharge,  slope  and  cross- 
section  for  these  experiments  on  the  one  hand,  and  a  stream  of  100,000 
cubic  feet  per  second  on  the  other,  subject  to  the  conditions  of  constant 
discharge,  straight  rea^ch  and  uniform  material. 

A  word  more  in  regard  to  the  sections.  Their  extreme  sjmmetry  is  due 
in  i)art  to  a  mechanical  adjustment  that  was  thought  legitimate  ;  from 
small  to  moderate  slopes,  this  adjustment  effected  no  appreciable  change. 
In  excessive  slopes,  the  adjustment  was  thought  to  eliminate  incipient 
bend  development.  -The  adjustment  was  as  follows:  From  the  centre 
line  the  two  half  sections  were  folded  together,  and  the  mean  line  taken 
to  represent  the  symmetrical  section. 

I  have  made  no  attempt  as  yet  to  express  this  variation  in  an  empiric 
equation,  and  shall  not  until  I  can  extend  the  data.  The  first  step  in 
deducing  such  an  equation  would  be  the  choice  of  a  function  of  cross- 
section  to  use,  and  it  could  only  be  a  wild  guess  to  choose  this  function 
from  a  variation  in  slope  alone,  which  is  practically  all  1  have.  I  hope 
in  time  to  extend  it  thi'ough  a  considerable  range  of  discharge,  which 
will  give  the  data  for  a  general  solution  ;  after  that,  the  investigation  for 
diffei'ent  material  will  complete  the  problem  for  a  straight  reach. 

These  sections  have  been  spoken  of  as  sections  of  equilibrium  :  to 
avoid  any  misconception,  it  is  stated  that  this  does  not  mean  stable 
equili  brium,  but  only  the  equilibrium  for  a  sti'aight  reach,  and  it  is  well 
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known  tliat  a  straijr'it  reach  is  very  far  from  a  stable  equilibrium,  where 
slope  is  great  and  the  material  of  bed  is  light.  As  suggested  before, 
tliose  sections  for  greatest  slope  on '' Plate  B  "  were  found,  in  ex])eri 
nicnting,  in  much  the  same  etiuilibi-ium  as  an  egg  set  on  its  small  end. 

Briefly  considering  some  of  the  practical  results  of  tlie  solution  of 
tins  jiroblem  and  the  one  that  follows  it.  for  un'^ymmetrical  sections,  or 
tlie  law  of  bend  development  ;  it  has  been  seen  on  "Plate  A"  that  the 
river  cross-section  was  constantly  changing;  it  is  thought  that  this 
change  is  around  some  mean  condition  and  that  this  mean  condition  is 
in  equilibrium  with  the  ruling  energy  at  that  point  ;  if  the  above  is  the 
case,  a  step  wUl  have  been  taken  toward  the  exact  determination  of 
the  tlieoretic  limits  of  improvement,  and  it  may  in  time  open  the  way 
to  a  comj)arison  of  cost  for  the  attainment  of  given  results  by  regulari- 
zation  or  reservoirs. 

The  need,  at  present,  however,  is  .some  general  formula  that  is  appli- 
cable to  rivers  for  use  in  the  study  of  data  collected,  and  no  formula  that 
does  not  traverse  the  change  of  re-^istance  due  to  a  cbange  in  shape  of 
cross-section  is  applicable.  It  needs  but  the  statement  that  those 
reaches  of  the  river  which  have  the  greater  slope  are  frequently  the 
reaches  which  have  the  smaller  mean  velocity,  to  show  that  formula 
that  are  derived  from  series  of  experiments  in  which  the  cross-section  is 
unchangeable,  and  velocity  increases  with  slope,  are,  in  this  case,  simply 
worthless.  The  fact  is.  the  principal  variable  is  cross-section,  in  rivers, 
while  most  byJraulic  formula*  have  massed  its  effect  in  an  empirically 
chosen  constant,  and.  for  rivers,  if  this  constant  is  found  for  one  time  or 
place,  it  differs  for  the  next,  as  any  one  maj'  see  by  an  hour's  experiment- 
ing with  river  data.  The  v.^riter  has  come  to  the  conclusion  that  the 
only  formula  that  is  known  to  be  true  for  rivers,  is  Q  =  A  V„i,  and.  that 

Q 
the  only  reason  that  is  true,  is  because  i^m  is  defined  as   ,  • 

The  chief  interest  to  the  writer,  ho"wever.  lies  in  the  method  proposed 
for  the  study  of  river  problems,  and,  however  much  the  conclusions  ad- 
vanced in  this  paper  may  be  modified  by  further  experiment,  there  is  the 
conviction  that  steady  progress  can  be  made  on  this  line.  It  is  recog- 
nized that  river  phenomena  are  too  complex  for  any  one  to  take  in,  except 
in  fragments  ;  or,  if  he  does  get  a  comprehensive  view,  he  has  so  much 
to  see  that  he  cannot  think.  Some  of  the  essential  conditions  though  are 
i)eing  understood,  and  the  writer  earnestly  wishes  to  call  attention  to  the 
fact  that  if  the  phenomena  due  to  these  conditions  are  experimentally 
determined  as  the  conditiors  are  perceived,  it  will  leave  a  constantly 
narrowing  residual  of  phenomena  not  referred  to  law,  which  must  in 
time  vanish,  and  then  river  work  will  stand  on  the  ground  of  an  exact 
science. 

Before  closing,  I  wish  to  acknowledge  my  indebtedness  to  Mr.  L.  E. 
Cooley  for  the  early  direction  of  mj'  thought  toward  this  line.  While 
not  wishing  to  shoulder  on  him  a  support  of  conclusions  to  which  he 
ma\'  not  exactly  agree,  I  do  wish  to  recognize  that  I  owe  to  him  the 
foundation  from  which  I  am  working,  as  well  as  the  clearness  with  which 
I  tirst  saw  that  the  study  of  ca?t6'f,  in  this  case,  is  the  true  end  of  the 
study  of  plieuomena. 
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In  conclusion,  let  me  say  that  I  am  sorry  to  ha\"e  so  heavily  seasoned 
my  facts  with  theories,  but,  as  in  river  hj'draulics,  even  among  those  who 
have  specially  studied  the  subject,  the  safe  assumption  is  that  no  two 
men  agree  on  anything,  the  only  way  to  present  conclusions  that  are 
believed  to  be  of  value  is  to  carefully  state  the  steps  leading  to  those  con- 
clusions; and  the  above  paper  is  open  to  grave  criticism  by  me  on  account 
of  the  omission  of  some  things  that  I  had  considered,  and  chat  I  ought 
to  have  introduced,  and  which  I  did  not,  because  I  did  not  feel  justified 
in  giving  any  more  theory  with  nine  cross-sections. 
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IMPROVING  THE  WATER-POWER  OF  THE  ILLINOIS 

RIVER  AT  MARSEILLES,  ILL. 


By  Ebin  J.  Ward,  Member  of  the  Western  Society  of  Engineers. 
[Read  November  17,  1885.] 


The  utilization  of  the  grand  rapids  of  the  Illinois  River  at  Marseilles. 
La  Salle  County,  long  engaged  the  attention  of  capitalists  and  engineers 
before  any  active  steps  were  taken  to  overcome  the  difficulties  that 
impeded  progress. 

That  a  very  large  water-power  lay  on  tlie  Illinois  River  within  seventy- 
five  miles  of  Chicago  was  known  to  manj^  but  in  those  days  the  moun- 
tain streams  of  New  England  supplied  with  manufactured  goods  not 
only  this  country,  but  parts  of  Europe.  Gradually  the  internal  com- 
merce of  our  own  country  developed  until  at  last  the  water-powers  of 
the  Western  rivers  ^vere  called  into  use. 

In  1865  a  company  was  formed,  which  the  following  year  completed 
the  construction  of  a  seven-foot  dam  across  the  Illinois  River  at  Marseilles. 
This  dam,  according  to  the  estimates  of  competent  hydraulic  engineers, 
was  capable  of  furnishing,  in  extreme  low  water,  a  total  of  3,000  horse- 
power. It  was  made  of  hewn  timbers  roughly  framed  into  cribs,  which 
were  filleJ  with  stone.  A  race  was  dug  through  a  slough  at  the 
north  end  of  the  dam,  and  a  small  mill  or  two  erected.  With  this  begin- 
ning was  laid  the  foundation  of  what  has  since  developed  a  property 
worth  a  million  dollars. 

The  successors  of  the  water-power  company,  w^liich  built  that  dam, 
now  own  the  use  of  three-fourths  of  the  water  which  passes  down  the 
Illinois  at  this  point ;  the  use  of  the  remaining  one-fourth  is  vested  in  a 
private  individual  who  is  desirous  of  utilizing  it.  It  is  obligatory  that 
the  use  of  this  one-fourth  of  the  water  should  be  made  on  the  left,  or 
south  side  of  the  stream.  Within  eighteen  months  the  present  water- 
power  company  has  removed  the  old  dam  and  constructed  a  new  one,  9 
feet  high,  on  an  improved  plan  and  out  of  12  inch  by  12  inch  oak.  The  dam 
fx-om  abutment  to  abutment  is  980  feet  long,  and,  while  at  low  water  it 
gives  more  power  than  the  old  7-foot  dam,  at  an  average  height  of  water 
in  the  river  there  is  a  total  of  not  less  than  10,000  to  12,000  horse- 
power. 

The  Illinois  at  Marseilles  flows  through  the  centre  of  a  valley  one  and 
a  half  miles  wide.     Like  most  of  the  streams  of  a  prairie  country,  it  has 
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one  bank,  in  this  case  the  right  or  north  one,  that  is  low  and  alluvial, 
while  the  other  is  high  au'l  pre^ipitons.  This  topograi)hy  proved  con- 
venient to  the  water-power  company  in  the  construction  of  its  head- 
race, but  it  has  more  than  once  given  rise  to  alarm  from  the  danger  of 
overflow,  and  has  caused  them  to  construct  a  dyke  nearly  half  a  mile 
long. 

The  south  side  of  the  river  back  to  the  bluff,  a  distance  of  over  three- 
quarters  of  a  mile,  is  level  and  universally  higher  than  the  north  side, 
save  at  one  jilace  close  to  the  river.  At  the  dam  and  for  about  i>,000  feet 
below,  the  soutli  bank  is  precipitous  and  is,  on  an  average,  23  feet  higher 
than  the  bed  of  the  stream  ;  but  at  the  above  distance  below  the  dam 
this  bluff  recedes  from  the  river  for  about  600  or  700  feet,  and  leaves  a  low 
plain  of  about  20  acres.  This  plain  is  on  a  level  with  the  opposite  bank  of 
the  stream  and,  consequently,  it  pi-esents  no  more  difficulties  to  the  con- 
struction of  open  cut  races  than  the  opposite  bank.  But  to  dig  an  open 
raceway  through  the  high  bluff  from  the  south  abutment  of  the  dam  to 
the  above-mentioned  low  plain  would,  according  to  my  estimates, 
require  the  removal  of  44,000  j^ards  of  earth  and  3,900  yards  of  shaley 
stone,  and  the  construction  of,  at  least,  two  bridges  to  carry  the  high- 
ways across  which  the  race  would  have  to  be  cut.  The  total  cost  of 
carrying  out  this  plan  would  be  in  the  neighborhood  of  $17,000.  Besides 
this,  so  deep  an  open  cut  would,  of  necessity,  destroy  considerable  valu- 
able surface. 

It  was  suggested  by  a  prominent  member  of  this  society  that  an  esti- 
mate be  made  of  the  cost  of  the  following  i>Ian  :  To  run  an  open  cut  in  a 
semi-circle  from  the  river  just  above  the  dam  into  the  small  ravine — 
shown  on  the  plat — which  opens  into  the  river  just  below  the  dam,  and 
from  there  carry  the  water  under  the  steep  bank  of  the  river  for  1,200 
feet  by  means  of  a  stone  wall,  until  the  low  plain  above  mentioned  is 
reached,  and  then  carry  the  race  back  from  the  river  by  means  of  an 
open  cut.  Owing  to  the  trend  of  the  stream  the  water  and  ice  strike  the 
south  bank  exactly  where  this  wall  would  have  to  be  built,  and,  conse- 
quently, the  wall  would  have  to  be  well  and  strongly  constructed.  In 
the  estimate  of  the  cost  of  this  plan  must  be  considered  1,600  cubic 
yards  of  masonry,  which  raises  the  total  to  nearly  the  same  figure  as  that 
by  the  previous  plan,  viz.:  $16,000. 

A  third  plan  presented  itself  to  my  mind.  A  bed  of  most  excellent 
and  valuable  fire-clay  underlies  the  line  of  the  race-way  at  a  depth  of  54 
feet  below  the  bed  of  the  river.  This  vein  of  clay  is  from  17  to  32  feet 
thick.  Immediately  over  it  lies  27  inches  of  bituminous  coal,  and  next 
above  the  coal  comes  49  feet  of  hard  soapstone,  and  then  3  feet  of  sand- 
rock,  which  forms  the  bed  of  the  river.  Above  this  sand-rock  is  surface 
soil  and  a  poor  quality  of  fire-clay  mixed.  The  above  data  was  obtained 
by  drilling  two  well-holes  to  the  depth  of  100  feet  below  the  surface. 
The  third  plan  consists  of  sinking  a  vertical  shaft  close  to  the  water's 
edge  down  to  this  fire-clay  and  100  feet  or  150  feet  above  the  south  abut- 
ment of  the  dam.  Thence  digging  a  straight,  horizontal  tunnel  through 
the  fire-clay,  using  the  coal  for  a  roof,  from  this  inlet  shaft  for  about 
3,000  feet,  to  meet  a  vertical  exit  shaft  sunk  in  the  before-mentioned  low 
plain,  from  whence  an  open  cut  can  be  made  at  very  little  expense.     By 
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this  means  water  entering  the  inlet  shaft  will  sink  to  the  tunnel,  and, 
rising  in  the  exit  shaft,  will  be  ready  for  use  in  the  low  land  down  stream 
It  should  be  borne  in  mind  that  the  fire-clay  through  which  the  tunnel 
would  pass  is  quite  hard  and  wt)uld  iiave  to  be  blasted  ouc. 

With  a  tunnel  having  a  cross-section  of  12  feet  by  13  feet,  no  timbering 
would  be  needed,  for  no  "  squeeze"  is  obtauiable  even  iu  the  coal  mines 
in  this  neighborhood  until  after  a  heading  of  from  125  feet  to  145  feet  in 
width  is  obtained,  and  so  soon  as  the  tunnel  is  completed  and  filled  with 
water  the  hydraulic  pressure  will,  certainly,  keep  roof  and  walls  from 
caving.  The  49  feet  of  soapstone  overlying  the  vein  of  coal  would  make 
an  excellent  roof  in  itself,  and  so  permit  of  the  removing  of  the  coal  in 
the  tunnel,  also,  were  it  not  for  the  fact  that,  when  exposed  to  the  action 
of  the  air,  the  soapstone  gradually  slacks.  It  is  far  more  for  the  purpose 
of  keeping  the  air  from  the  soapstone  above,  during  construction,  that 
it  will  be  advantageous  to  retain  the  coal  in  the  tunnel,  than  for  any 
great  su])p(>rting  power  that  might  be  in  the  vein  of  coal.  No  water  is 
found  iu  or  above  the  fire-clay. 

The  quantity  of  water  that  is  permitted  to  pass  through  the  tunnel  can 
be  regulated  by  suitable  gates,  either  at  the  inlet  or  the  exit  shaft,  or  at 
both.  The  inlet  shaft,  being  close  to  the  edge  of  the  water  above  the  dam , 
fenders  and  gratings  can  be  placed  close  to  it  in  the  stream  to  prevent  any 
ice  or  drift  from  entering  the  tunnel.  Here  it  may  be  remarked  that  the 
Illinois  River  is  practically  free  from  driftwood,  even  at  its  floods.  Mills, 
located  on  the  open  race-way  below,  will  not  be  troubled  during  the  win- 
ter by  broken  ice  clogging  the  screens  before  the  wheels,  for  the  water 
on  rising  from  the  exit  shaft  will,  almo-^t  immediately,  enter  the  wheels. 

I  have  neglected  to  say  that  an  excellent  new  wrought-iron  bridge  is 
now  in  process  of  erection  across  the  river,  about  1,200  feet  below  the 
dam.  In  order  to  facilitate  the  removal  of  the  lire-clay,  as  well  as  for 
the  purpose  of  saving  "  haul,"  a  working  shaft  may  be  sunk  close  to  the 
south  end  of  the  bridge  and  work  be  pushed  from  it  toward  both  the  in- 
let and  the  exit  shafts  at  the  same  time.  From  a  working  shaft  so  locat- 
ed carts  can  readily  transfer  the  fire-clay  to  either  the  side-tracks, 
of  the  C,  R.  I.  &  P.  R.  R..  which  are  less  than  half  a  mile  distant,  or  to 
the  Illinois  &  Michigan  Canal,  still  nearer. 

The  expense  per  ton  of  placing  the  clay  on  top  of  the  giound  will  be 
surprisingly  small,  for  a  heading  can  be  made  by  removing  the  clay 
with  picks  for  a  foot  or  two  below  the  coal,  and  then  a  few  charges  of 
dynamite  will  blow  up  the  bench,  thus  formed,  and  loosen  tons  of  clay. 

The  clay  has  been  thoroughly  tested  by  two  large  consumers  in  Chi- 
cago, and  each  has  expressed  a  desire  to  use  it.  From  such  a  tunnel, 
made  12  feet  by  12  feet,  there  would  be  excavated  clay  enough  for  about 
5,000,000  fire-brick.  Brick  made  from  this  clay  have  been  severely  tested 
on  the  bridge-walls  of  the  gas  furnaces  at  the  Joliet  Rolling  Mills  by  the 
side  of  both  No.  1  and  No.  2  fire-brick—  the  latter  coming  from  Ohio  and 
West  Virginia — and  the  report  of  the  engineer  who  made  the  tests  con- 
tains the  following  statement  :  The  brick  from  Marseilles  clay  is  "as 
good  as  any  No.  2  brick  the  mill  has  ever  used." 

As  to  the  action  in  the  tunnel  of  running  water  upon  the  clay,  I  would 
say  that  tests  have  been  made  with  the  most  excellent  results,  by  wholl.' 
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submerging  pieces  of  the  claj'  in  llie  river  below  the  dam,  wliere,  on  tlie 
rapids,  the  water  Hows  with  a  mucli  higher  velofity  than  it  will  be 
recpiired  to  in  tlie  timnel.  The  following  are  the  results  obtained  from 
those  tests  :  On  Sept.  26,  1883,  an  irregular  piece  of  fire-clay,  weighing 
24A  pounds,  was  placed  in  the  rapids  below  the  dam  ;  on  Oct.  1'), 
1883,  it  weighed  24A  pounds  ;  on  June  9,  1884,  after  having  been  exposed 
to  the  action  of  the  water  for  nearly  nine  months  it  was  taken  from  the 
water  to  be  weighed,  but  in  doing  so  it  was,  accidentally,  permitted  to 
drop  to  the  ground,  and  t-everal  pieces  were  chipped  off.  All  the  pieces 
which  could  be  were  collected  and  weighed  with  the  large  piece,  1  ut 
many  small  pieces  remained  among  the  gravel  and  earth.  The  piece  as 
weighed  was  24^^  povinds.  On  Sept.  22,  1884,  another  piece  of 
the  clay  was  placed  in  the  rapids  weighing  194  pounds,  and 
on  June  15,  1885,  after  being  in  the  water  nearly  ten  months, 
it  still  weighed  IQl  jwunds,  showing  no  erosion,  although  exposed 
during  the  whole  period  to  the  action  of  a  severe  current. 
After  remaining  in  the  water  for  a  few  days  the  clay  becomes  coated 
with  a  smooth,  green  slime  and  all  the  edges  and  corners  remain  sliarp 
and  clearly  cut,  showing  that  running  water  does  not  even  round  ihem 
off.  The  clay,  when  submerged,  is,  evidently,  capable  of  wholly  resist- 
ing the  action  of  running  water.  The  smooth,  straight  walls  of  the  tun- 
nel will  not  be  so  exposed  to  erosion  as  were  the  irregularly  broken  pieces 
of  clay  used  in  these  tests.  The  clay  can,  certainly,  all  be  sold,  at  the 
very  least,  for  what  it  costs  to  remove  it,  so  that  as  the  tunnel  progresses 
each  lineal  yard  dug  will  pay  for  itself. 

The  cost  of  a  race-way  constructed  in  this  way  will  be  far  less  than  by 
either  of  the  foregoing  plans.  My  estimate  is  that  it  will  not  cost  to  ex- 
ceed §5,500  to  construct  both  working-shaft,  entrance  and  exit  shafts, 
tunnel,  open  raceway  below  in  the  low  ground,  and  furnish  all  with  the 
necessary  gates  and  valves  for  controlling  the  flow  of  water. 

After  careful  examination,  experimenting  and  thought,  1  can  see  no 
reason  why  this  plan  is  not  perfectly  feasible,  and,  if  carried  out,  will 
not  make  a  permanent  improvement.  But  suppose  that,  after  the  tunnel 
is  partially  completed,  some  insurmountable  obstruction  should  be  met 
with  that  would  prevent  the  completion  of  the  tunnel.  In  that  case 
about  all  that  would  be  lost  is  the  labor  in  the  construction  of  tlie  work 
ing  shaft,  for  the  hoisting  machinery  can  be  sold  for  what  it  is  worth  ; 
each  lineal  foot  of  tunnel  Will  have  paid  for  itself  as  it  is  being  dug- 
through  the  clay,  and  the  inlet  and  exit  shafts  need  not  be  sunk  until  the 
tunnel  has  attained  its  full  length,  and  its  feasibility  has  been  thoroughly 
demonstrated. 
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THE    DEVELOPMENT    OF    TRANSPORTATION    IN    NORTHERN 

OHIO. 


By    John    H.    Sargeant,    Member   of    the    Civil   Engineers'    Club    of 

Cleveland. 
[Read  September  8,  1885.] 


Those  of  us  who  remember  the  old  "Pennsylvania  schooner,"  a  large 
rakish,  covered  wagon,  with  four,  six,  or  more  horses  attached,  with  its 
driver  with  his  "  black  snake  "  whip  astride  of  his  nigh  wheel  horse,  and 
the  old  '"Concord  coach,"  can  fully  realize  the  rapid  march  of  events. 

Nature  pi'ovided  water-ways,  but  man,  by  his  own  devices,  must  work 
his  way  to  them. 

The  transition  from  the  canoe  of  the  savage  to  the  floating  palaces  of 
civilization,  from  the  muscle  of  man,  as  a  moving  force,  to  the  winds  of 
heaven,  was  natural  and  gradual.  Even  the  making  of  artificial  rivers — 
water-ways — was  but  mimicking  Nature. 

The  Indian  could  even  harness  his  pony  to  his  pung  to  drag  his  tent^ 
and  scanty  wares  over  the  trails  he  had  sought  out  over  the  country. 
But  it  was  a  new  departure  to  construct  great  highways  and  cover  them 
with  wheeled  carriages,  and  harness  the  power  of  coal  and  water  to 
them. 

The  transition  from  the  canoe  to  the  steamer  and  the  flying  train  is 
wondertul,  but  wliat  an  insignificant  part  of  time  in  the  world's  history 
is  occupied. 

A  single  life  upon  the  borders  of  these  great  lakes  comprises  it  all. 

Transportation  in  northern  Ohio  naturally  reaches  out  to  Buffalo  on  the 
East  and  Chicago  on  the  West  as  a  grand  division  in  the  transportation 
of  our  country,  and  I  shall  so  treat  of  it. 

The  early  roads  of  this  section  were  celebrated  for  their  badness,  some 
of  them  in  s]jring  and  fall  becoming  almost  impassable. 

The  most  important  loads  were  turnpike  roads,  toll  roads,  and  were 
built  through  the  woods  of  the  rich  mucky  soil  of  the  country. 

One  of  the  first  out  of  Cleveland,  the  "  Cleveland,  Wooster  and  Mt. 
Vernon  Turnpike,"  was  built  about  1820,  and  those  who  eighteen  years 
later  went  over  it,  in  a  brig  drawn  on  wheels,  in  the  celebrated  Harrison 
campaign,  can  certify  to  its  continual  badness. 

A  little  earlier  than  1840,  macadamized  roads  began  to  be  in  vogue. 
The  National  road  was  carried  through  the  central  part  of  our  State,  and 
the  dreaded  Black  Swamj),  from  Lower  Sandusky  (Fremont)  to  Perrys- 
burg,  was  spanned  by  a  beautiful  stone  road. 

Population  and  i)roduction  were  fast  outgrowing  our  ways.  Our 
State  was  surrounded  by  water-ways  and  the  Concord  <:'oach  and  Penn- 
sylvania wagon  soon  became  unequal  to  work  the  business  from  the 
centre  to  the  circumference. 

The  State  of  New  York  had  opened  out  Lake  Erie  to  the  Hudson,  and 
in  1847  Ohio  bisected  the  State  by  the  Ohio  Canal.  By  the  improvement 
of  Huron  River  lake  craft  were  enabled  to  meet  the  loaded  wagons 
from  the  centre  of  the  state,  at  Milan.     The  Maumee  Canal  followed  and 
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Sent   boats  from    Lake  Erie    to   the    Ohio  at   Cincinnati,    and    throUf^li 
Indiana  to  the  navip;ablt.'  waters  of  the  Wabash. 

lieu-  canals  reached  their  climax.  They  weie  too  slow  and  ccnild  not 
go  where  they  would  do  tiie  most  good. 

The  contest  for  the  location  of  the  Ohio  Canal  had  been  fierce  and 
close,  and  Sandusky  felt  that  they  had  been  left  out  in  the  cold.  The 
locomotive  began  to  whistle  in  the  East.  Sandusky  grasped  at  the  new 
means  of  transportation. 

Exact  dates  are  not  at  liand.  neither  is  it  material.  Suffice  it  to  say 
tliat  about  1838  the  Ohio  Legis  ature  passed  what  is  known  as  the 
"  P, under  Law,"  to  aid  in  the  construction  of  railways,  by  which,  when 
the  railway  com})anies  had  expended  a  certain  sum  on  their  roads,  the 
State  would  loan  them  a  like  amount  of  State  bonds.  Under  this  law 
Sandusky  opened  the  Mad  River  &  Lake  Erie  Railroad  as  far  as  Tiffin. 

The  New  York  &  Lake  Erie  Co.  were  pushing  their  broad  gauge  road 
towards  Lake  Erie.  To  meet  it  a  company  was  formed  to  build  the  "  Ohio 
Railroad  "  from  the  Maumee  River  to  the  east  line  of  the  State.  They 
began  at  Manhattan  and  started  a  bank  at  Cleveland.  By  hook  and  by 
crook,  by  i)utting  in  lands,  etc.,  they  made  a  showing  that  they  had  laid 
out  ^.2 10,000,  and  got  a  like  amount  of  bonds,  and  doubtless  absorbed  them. 
The  people  got  the  idea  that  they  were  being  plundered  and  I'epealed 
the  law,  whereuyjon  the  company  failed,  and  left  in  the  hands  of  the 
people  a  large  amount  of  Ohio  railroad  bills  instead  of  a  railroad.  In  the 
meantime  Sandusky  had  built  a  flat  bar  railroad  to  Monroeville,  sixteen 
miles,  and  Toledo  had  sent  out  the  Erie  &  Kalamazoo  road,  thirty  miles, 
to  Adrian.  Here  railway  construction  took  a  short  rest.  But  as  early  as 
1845  Burr  Higgins,  a  banker  of  Sandusky,  took  hold  of  the  Sanduskj-, 
Mansfield  &  Newark  Railway,  now  the  northern  branch  of  the  Baltimore 
&  Ohio.  He  took  up  the  old  flat  bar,  substituted  T  rail  and  pushed  the 
road  through  to  Mansfield.  There  was  a  provision  in  his  charter  requir- 
ing him  to  let  other  roads  run  over  his.  The  banker  thought  he  was 
smart  enough  for  any  legislator,  so  be  made  his  road  of  a  five  foot  six 
inches  gauge,  so  as  to  be  different  from  any  other  road  in  existence. 
His  road  was  never  good  for  much  until  he  changed  its  gauge  to  the 
standard. 

The  Mad  River  &  Lake  Erie  Railway  was  gradually  pushed  through  to 
Cincinnati. 

About  this  time  the  State  of  Michigan  went  into  railroad  building  and 
built  some  sixty  miles  of  the  Michigan  Soutiieru  road  from  Monroe  to 
Hillsdale,  and  something  more  of  the  Michigan  Central  from  Detroit 
west.     Both  these  roads  were  laid  with  the  flat  bar. 

Cleveland  and  Columbus  began  to  see  that  they  were  goitg  to  be  left 
iu  the  background,  and  in  1848  commenced  the  agitation  of  the  C.  C.  & 
C.  Railway,  and  completed  it  in  1850-5L 

About  this  time  the  eyes  of  Wall  street  began  to  be  opened  to  the  im- 
portance of  the  granaries  West.  Steamers  and  sailing  vessels  had  mul- 
tiplied upon  the  lakes.  Chicago  and  Milwaukee  began  to  show 
signs  of  their  future  greatness.  The  politicians  of  Michigan  were  tiring 
of  public  works,  railway  construction  in  particular,  so  the  New  York  lob- 
byists found  it  easy  to  buy  their  roads,  and  with  them  favorable  charters. 
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The  Michigan  Central  R.  R.  Co.  secured  the  Central  road,  and  the  Michi- 
gan Southern  &  Northern  Indiana  R.  R.  Co.  secured  the  Michigan 
Southern  route.  Simultaneously,  or  nearly  so  with  the  broad  gauge 
movement  from  New  York  to  Toledo,  a  charter  was  secured  for  the  Buf- 
falo &  Mississippi  R.  R.,  extending  from  Toledo  to  Chicago,  but  nothing 
came  of  it  except  some  hasty  surveys  and  a  little  grading  between 
Laporte  and  Michigan  City,  Ind.  This  charter  was  worked  into  the 
Michigan  Southern  &  Northern  Indiana  Co.  Surveying  operations  on 
this  were  commenced  in  1849,  and  work  in  earnest  in  1850.  The  Michi- 
gan Central  Co.  pushed  their  work  forward  simultaneously.  Singular  as 
it  now  seems,  the  competition  between  these  two  works  became  very 
fierce,  and  they  threw  all  possible  obstacles  in  each  other's  way.  This 
was  because  they  thought  that  there  was  only  business  enough  for  one 
road. 

The  M.  S.  &  N.  I.  Co.  absoi'bed  the  old  Erie  &  Kalamazoo  road  and 
rebuilt  both  with  T-rails,  and  sent  out  several  branches,  one  of  which,  the 
"  Air  Line,"  extended  from  Toledo  to  Elkhart,  half  way  to  Chicago.* 

To  connect  their  road  with  Buffalo,  the  M.  S.  &  N.  I.  put  in  com- 
mission the  fast  palace  steamers,  the  Michigan  Southern,  the  Northern 
Indiana,  the  Western  Metropolis  and  the  City  of  Buffalo,  and  tlie 
Central  Co.  the  Plymouth  Rock.  This  was  the  culmination  of  the 
passenger  steamboat  business  upon  the  lakes.  It  was  soon  driven  from 
the  route  by  railroad  competition,  brought  about  by  the  construction 
and  consolidation  of  the  Cleveland  &  Toledo,  the  Cleveland,  Painesville 
&  Ashtabula,  and  other  roads  between  Buffalo  and  Toledo,  and  the 
absorption  of  the  "  Junction  road. " 

Then  followed  the  Cleveland  &  Pittsburgh  and  Cleveland  &  Mahon- 
ing ;  the  Pittsburgh,  Fort  Wayne  &  CMcago,  and  the  Atlantic  &  Great 
Western  Railways,  with  their  branches,  and  what  is  now  the  Cleveland, 
Akron  &  Columbus  Road. 

Later  came  the  coal  roads — the  Tuscarawas  Valley,  the  Valley  and  the 
Connotton  Valley  roads.  The  railroad  business  grew  up  so  rapidly,  and 
those  in  operation  became  so  successful,  as  to  excite  the  cupidity  of  cap- 
ital, and  several  competing  lines  were  constructed.  Besides  those  that 
escaped  Ohio  on  the;  North,  the  New  York,  Chicago  (Nickel  Plate)  &  St. 
Louis  paralleled  for  250  miles  the  Lake  Shore  road,  and  thence  through 
to  Chicago  via  Fort  Wayne,  and  the  old  New  York  &  Erie,  and  the  Balti- 
more &  Ohio,  pushed  through  Northern  Ohio  to  the  emporium  of  the 
West. 

*  The  Wabash  and  Erie  Canal  had  already  given  New  Yorkers  a  taste  of  the  South- 
west also,  and  their  Air  Line  branch  bore  off  to  the  south  and  west  for  70  miles  from 
Toledo,  where,  in  company  with  Eel  River  Railroad  Company,  they  purchased  100 
acres  of  land.  In  the  meantime,  the  Assistant  Chief  Engineer  of  the  M.  S.  &  N.  I.  R.  R. 
was  made  Chief  Engineer  of  the  Eel  River,  and  this  road  was  located  and  in  the  main 
graded  with  the  expectation  that  the  M.  S.  &  N.  I.  would  furnish  the  iron.  But  by 
some  sort  of  sharp  practice  the  Wabash  Valley  Railroad  Company  was  able  to  pay 
bigger  commissions  on  iron  than  the  Eel  River  road;  so  the  Eel  River  was  ab  ndoned 
and  the  Wabash  Talley,  its  strongest  rival,  was  pushed  through.  Now  the  Wabash  is  in 
trouble,  and  it  is  whispered  about  that  the  L.  S.  &  M.  S.  is  about  to  acquire  the  Eel 
River,  and  it  is  a  very  important  feeder  for  them,  as  this  route  is  shorter  and  better  to 
Logau»port  than  by  the  Wabash  Vallsy. 
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Asniiffht  be  supposed,  all  this  fierce  competition  has  reduced  freights 
so  low  as  to  give  little  income  to  tlie  capital  invested. 

Amid  all  tliis  activity  on  shore,  the  lake  men  have  not  been  idle  ;  the 
passenger  busiue-s  tliey  surrendered,  but  by  the  use  of  great  steam  barges 
with  their  consorts  they  are  able  to  carry  freiglit  for  a  mill  per  ton  per 
mile,  a  rate  wliich,  when  time  is  not  a  controlling  element,  shuts  out 
land  carriage  during  the  season  of  navigation. 

In  all  this  effort  to  meet  the  growth  of  business  transportation  may 
have  gotten  a  little  ahead  of  its  requirements.  But  the  country  is  as  yet 
but  partially  developed,  and  the  effect  of  all  these  lines  of  transportation 
is  to  swell  business,  so  all  they  have  to  do  is  to  rest  for  a  time  on  their 
oars  and  ere  long  they  will  be  flooded  with  business. 

If  we  take  the  case  of  the  New  York  Central  R.  R.,  and  consider  how 
rapidly  its  facilities  have  grown  from  a  single  track  of  iron  to  six 
(including  the  West  Shore)  of  steel,  we  can  form  some  idea  of  the  field 
that  is  open  before  us.  The  tendency  now  seems  to  be  towards  the  con- 
solidation of  lines.  It  is  to  be  hoped  that  this  system  will  not  be  can-ied 
so  far  as  to  excite  the  jealousy  and  I'esistance  of  the  community.  The 
most  effectual  means  of  preventing  the  construction  of  more  lines  of 
communication  than  required  to  do  the  business  is  for  capital  to  be 
content  with  reasonably  low  interest  for  the  moneys  actually  expended. 
According  to  the  present  outlook,  an  assvued  interest  of  more  than  four 
per  cent,  will  call  in  idle  capital  to  share  it  to  build  new  lines. 


ASf^OClIATION  OF  JlJIamEHRINa  SOCIETIES. 

I=»I^OCEEIDI3SrGi-S- 


ASSOCIATION    OF    ENGINEERING    SOCIETIES. 

ANNUAL   REPORT   OF   THE   CHAIRMAN. 

To  the  Association  of  Engineering  Societies  : 

Tlie  year  ending  with  November,  1885,  was  a  pro.sperous  one  for  this  Associa- 
tion. Early  in  the  year  tlie  Civil  Engineers'  Society  of  St.  Paul  became  a  member 
of  the  Association,  and  Mr.  C.  J.  A.  Morris  was  chosen  their  representative  in  the 
Board  of  Managers.     In  othei'  resjjects  the  Board  is  constituted  as  one  year  ago. 

No  meeting  of  the  Board  has  been  held,  and  no  new  measure  instituted  during 
the  year,  e.tceptthe  publication  of  an  Index  of  Periodical  Engineering  Literature, 
which  was  begun  with  Volume  IV.,  in  accordance  with  a  decision  of  the  Board, 
previousljr  announced.  The  Index  has  been  published  month  by  month  since  it 
was  begun.  The  last  issue  for  the  volume  contains  a  general  summary  aljihabetic 
ally  arranged  of  all  the  matter  previously  published.  The  Index,  as  finally  com- 
piled, covers  46  i)ages  of  condensed,  closely  printed  matter,  which  in  the  course  of 
a  few  years  will  become  invaluable  for  i-efereuce  on  all  engineei'ing  subjects  con- 
tained in  official  rejjorts,  professional  journals,  and  society  proceedings.  The 
monthly  public-ation  of  the  Index,  and  its  re-pubiication  in  the  eud  of  the 
year,  has  added  considerably  to  the  cost  of  the  Journal.  It  has,  however,  fully 
conipeusated  for  this  extra  cost  in  the  increa.sed  income  from  sales  and  subscrip- 
tions. This  fact,  together  with  the  palpable  advantages  otherwise  derived  from 
the  Index,  are  ample  justification  for  its  continuation,  and  the  Board  feels 
warranted  in  announcing  that  this  feature  is  to  be  maintained,  and  its  efficiency 
increased  from  time  to  time,  as  the  remuneration  growing  out  of  it  justifies  the 
expense  thereby  incurred. 

As  previously  stated,  the  Association  is  indebted  for  this  work  to  Prof.  J.  B. 
Johnson,  of  the  Engineers'  Club  of  St.  Louis. 

Aside  from  the  additional  expense  incurred  on  account  of  the  Index,  the  finan- 
cial statement  shows  an  increase  of  receipts  and  expenditui'es  due  to  the  steady 
growth  of  the  Association,  and  to  the  lai'ger  edition  pi'inted  now  than  formerly. 
But  notwithstanding  this  increase,  the  pro  rata  cost  of  the  Journal  was  some- 
what less  than  for  any  previous  year. 

The  average  number  of  pages  of  reading  matter  in  each  of  the  first  three 
volumes  of  the  Journal  is  BB7.  The  number  for  Volume  IV. ,  exclu.sive  of  the 
Index,  was  424. 

The  success  thus  far  attending  the  eff'orts  of  this  Association  to  c-oncentrate  the 
records  of  engineering  worlc  seems  to  have  begotten  a  spirit  of  co-operation  along 
other  lines  of  professional  interest,  and  the  Association  is  to  be  congi-atulated 
that  such  is  the  <!ase.  But  whether  this  tendency  is  the  uncon.scious  frait  of  our 
efforts  to  bi-ing  about  a  better  condition  of  affaii's  in  the  societies  and  with  the 
pi'ofession  at  large,  or  whether  it  is  of  pai'allel  growth,  springing  fr(  m  the  same 
motives  that  created  the  Association,  we  need  not  stop  to  inquire.  It  is  enough  that 
a  habit  of  co-operation  is  being  acquired  by  many  of  the  scattered  societies  of  the 
c-ountry,  and  that  a  desire  for  the  same  is  being  manifested  in  quarters  which 
hitherto  have  shown  no  such  tendencies. 

The  recent  organization  of  the  Civil  Engineers"  Committee  on  National  Public 
Works,  which  bids  fair  to  secure  the  co-operation  of  all  our  engineering  societies 
in  promoting  objects  of  first  hnportance  to  the  whole  country,  as  well  as  to  the 
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ptigiiieoriiiK  profession.  Is  ono  of  the  sipiis  of  the  times.  Another  one  which  we 
nre  pleased  to  notice  is  that  the  pioneer  society — the  American  Society  of  Civil 
Knj;;ineers — is  awakeninf;;  to  the  desii-aliility  of  an  organization  which  will  be 
more  representative  and  national.  AVhatever  the  innnediat«  results  of  this 
awakeniu}^,  its  ultimate  eft'ects  will  necessarily  be  to  promote  the  primary 
imi-poses  of  this  Association,  viz.:  the  ultimate  formation,  on  a  national 
basis,  of  an  as.sociation  of  enninccrs  in  localized  s<>ctions,  which  will  not  only  seciu'e 
the  broadest  co-operation  in  the  publication  and  diffusion  of  engineerings  litera- 
ture, but  which  will  make  its  influence  felt  in  the  i>roinotion  of  all  measures 
;'alculated  U)  improve  the  ijrofession  and  better  its  pui)lic  status.  It  is  im^)Ossible 
that  this  habit  of  co-ojjeration  should  not  become  tA'enei'al.  and  that  it  shoidd  not 
('.\tend  into  new  fields  and  grow  to  large  pi'oportions. 

StalisticitI  and  Financial  Statement. 
The  uumbci-  of  copies  of  the  JOURNAL  taken  by  the  several  societies  has  hicreascd 
from  5:24  to  572.     They  now  stand  as  follows : 

Boston  Society  of  Civil  Engineers 147 

Western  Society  of  Engineers I0f> 

Engiueei-s'  Club  of  St.  Louis 127 

Civil  Engineers"  Club  of  Cleveland 1  •^'- 

Engiueers'  Society  of  Minnesota -if* 

Civil  Engineers'  Society  of  St.  Paul 21 

572 
During  the  year  assessments  to  the  amount  of  $3  per  copy  were  collected  in  three 

installments. 
The  expenditures  of  the  As-sociation  foi-  Vol.  IV.  are  as  follows  : 

Composition,  ])ress-work.  paper,  binding  and  mailing $1,588.27 

Engraving  .' 195.01 

Exix'nses 402.74 

Po.stage 100.80 

Deficit  Vol.  Ill 30.4(5 

S2,317.28 

Recei]jts : 

Boston  Society  of  Civil  Engineers $375.00 

Western  Society  of  Engineers 351.00 

Engineers'  Club  of  St.  Louis 358.00 

Civil  Engineers"  Club  of  Cleveland 410.00 

Engineers'  Society  of  Minnesota 93.00 

Civil  Engineers'  Society  of  St.  Paul 49.00 

$1,838.00 

Sales $125.08 

Subscriiitions 201.74 

328.82 

Advertising 322.01 

$2,284.83 

Leaving  a  deficit  of '. $32.45 

The  deficit  for  Vol.  IV.  being  within  a  few  dollars  of  that  for  Vol.  III.,  and  the 
as.sessmentsduring  the  year  being  $3.00,  shows  that  the  cost  of  the  Journal  has 
been  reduced  slightly,  viz. ,  from  $3. 16  per  volume  per  copy  for  previous  years, 
to  $3.00  for  the  past  year. 

It  will  be  noticed  that  thw  ret-eipts  froni  sales  and  subsciiptions  have  increased 
from  $75.25  for  Vol.  III.  to  $328  82  for  Vol.  IV.  The  greatest  income  from  this 
source  for  auj- previous  year  having  been  $118.78,  this  increase  is  believed  to 
be  largely  due  to  the  Index,  and  fully  justifies,  from  a  financial  stand-point,  the 
Additional  expense  inciured  by  its  publication. 
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The  assets  of  the  Association  are  approximately  as  follows  : 

100  copies  of  Vol.    II.  @  $2.50 $250.00 

100         "         "         III.  @  S2.50 250.00 

175         "         "  IV.  @  $:i.00 525.00 

1200      "    of  No.  12,  Vol.  IV.  (a  25c 300.00 

Advertisements  due 105.74 

$1,430.74 

Le.ss  deficit 32.45 

Total  as.sets $1,398.29 

Respectfully  submitted  on  behalf  of  the  Board  of  Managers. 

Chicago,  Feb.  11,  1886.  Benezette  Williams, 

Chairman. 


BOSTON   SOCIETY  OF   CIVIL   ENGINEERS. 


December  16,  1885  :— A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  and  called  to  order  at  7 :40  p.  M. 

President  G.  L.  Vose  in  the  chair,  forty-oue  Members  and  three  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

A  communication  from  the  New  England  Railway  Club  was  read  containing 
the  following  proposition  :  "  That  the  New  England  Railway  Club  and  the  Boston 
Society  of  Civil  Engineers  hold  a  joint  discussion  on  the  Relation  of  the  Road  Bed 
to  the  Rolling  Stock  and  the  Methods,  Forms  and  Material  Be.st  Adapted  for  Use 
in  Their  Cou.struction." 

The  report  of  the  Government  was  read  recommending  that  the  invitation  of 
the  New  England  Railway  Club  be  accepted  and  a  committee  of  conference  be 
appointed  to  complete  arrangements. 

On  motion  of  Mr.  Henry  Manley  it  was  voted  that  the  President  be  requested  to 
appoint  a  committee  of  three  as  recommended  by  the  Government.  The  committee 
as  appointed  consist  of  Messrs.  G.  R.  Hardy,  H.  Bissell,  L.  B.  Bid  well. 

The  proceedings  of  the  Convention  held  at  Cleveland  December  3,  4,  5,  to  con- 
sider the  relation  of  Ai-my  and  Civil  Engineers  in  the  Government  service,  were 
read  by  the  Secretary. 

The  Committee  appointed  to  arrange  for  the  transfer  of  the  Society's  library 
and  report  plans  and  estimate  )f  the  cost  of  furnishing  the  rooms  submitted  its 
report,  and  presented  the  Society,  in  behalf  of  Mr.  Desmond  Fitz  Gerald,  a  table 
for  use  at  its  meetings.     The  report  of  the  Committee  was  accepted. 

On  motion  of  Mr.  A.  H.  French  it  was  voted  that  this  Committee  be  authorized 
to  purchase  the  articles  named  in  its  report,  and  that  the  sum  of  eighty-two  dol- 
lars be  appropriated  from  the  Permanent  Fund  for  that  purpose. 

On  motion  it  was  voted  that  the  Society  is  pleased  to  accept  the  table  presented 
by  Mr.  Desmond  Fitz  Gerald,  and  that  the  thanks  of  the  Society  be  extended  to 
him  for  his  valuable  and  appropriat-e  gift. 

On  motion  of  Mr.  A.  F.  Noyes  it  was  voted  that  the  sum  of  thirty  dollars  be 
appropriated  for  renewing  the  Society's  subscription  to  the  usual  periodicals  for 
the  year  1886. 

That  the  simi  of  thirty  dollars  or  so  much  thereof  as  is  necessary  be  appro- 
priated for  binding  the  periodicals  of  the  Society  for  the  year  1885,  and  for  other 
purposes  in  the  Library. 

On  motion  of  Mr.  Clemens  Herschel  it  was  voted  that  a  permanent  Committer 
on  National  Public  Works  be  appointed,  and  that  the  Chairman  of  this  Committee 
baths  Society's  representative  on  the  Civil  Engineers,  Committee  on  National 
Public  Works.     Yeas,  24.    Nays,  5. 
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On  motion  of  Mr.  Fred  Brooks  it  was  voted  that  Messrs.  Clemens  Herschel,  L. 
Frodorick  Rice,  Thomas  Doane  bo  constituted  a  permanent  l^oumiittee  on  National 
Public  Works. 

On  motion  of  Mr.  H.  A.  Carson  it  was  voted  that  Mr.  Clemens  Herschel  be 
reijuested  to  report  at  the  next  meeting  what  action  he  would  ask  Congress  to  take 
in  the  matter  of  National  Engineering. 

Messrs.  E.  H.  Brooks,  W.  S.  Chajjliu,  S.  Haagauseu,  H.  (t.  Palfrey  and  C.  H. 
Parker  were  elected  Membei's  of  this  Society. 

Mr.  E.  L.  Corthell  was  proposed  for  membership,  reconnnended  by  L.  Fred 
Rice,  J.  P.  Davis  ;  Mr.  H.  C.  Keith  by  L.  B.  Bidwell,  G.  T.  Sampson  ;  Mr.  W.  H. 
St*>arns  by  G.  R.  Hardy,  Walter  Shepard. 

Mr.  H.  A.  Carson  described  some  Methods  of  Topographical  Surveying  in  a 
Rough  Country. 

Mr.  W.  H.  Bradley  alluded  to  a  recent  trip  tlirough  New  Mexico  and  Califor- 
nia. 

Mr.  Sydney  Smith  gave  notice  in  writing  of  a  i)roposed  amendment  to  Section  2 
of  the  By-Laws  as  follows  :  2.  The  following  order  of  business  shall  be 
observed  at  all  regular  meetings,  unless  set  aside  by  vote  of  the  Members  present : 

1 .  The  reading  of  the  record  of  the  previous  meeting. 

2.  Balloting  f(jr  Members. 

a.  Business  and  rejjorts  of  committees  until  H  v.  M. 

4.  Literary  exercises. 

5.  Unfinished  business, 

[Adjourned.]  H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


January  6,  1886  :— Club  met  at  8:15  p.  m.,  at  Mercantile  Library.  Presi- 
dent McMath  in  the  chair,  twenty  members  and  four  visitors  present. 

Minutes  of  last  meeting  were  r(>ad  and  approved. 

The  standing  committee  on  National  Public  Works  reported  : 

St.  Lox'IS,  January  B.  18Sfi. 
To  the  Enginee7:'!'  Club  of  St.  Loui.s  : 

GENTLESfEN  :  Your  Committee  on  National  Public  Works,  to  which  was  re- 
ferred a  motion  to  approve  the  action  of  the  convention  of  delegates  from  engineer 
societies  held  at  Cleveland,  December  3,  4  and  5,  1885,  respectfully  reports  that, 
after  due  consideration  it  was  decided  not  to  be  expedient  at  the  present  time  to 
indorse  or  disapprove  the  action  at  Cleveland.  We  therefore  recommend  that  no 
action  be  taken  on  the  motion . 

We  have  further  considered  the  question  of  expense  attending  our  work  as  Com- 
mittee, but  are  not  able  to  form  an  estimate  of  cost,  which  will  be  limited  to 
jjostage  and  stationery,  until  report  is  made  and  sanction  of  the  Club  ob- 
tained . 

Respectfully  submitted  for  the  Committee. 

R.  E.  McMath,  Chnirvian. 

Moved  and  seconded  that  the  report  be  accepted.    Carried. 

The  secretary  read  a  letter  from  the  Treasurer  addressed  to  Executive  Commit- 
tee, showing  financial  condition  of  the  Club. 

Mr.  Holman  proposed  as  an  amendment  to  the  proposed  amendment  to  Sec.  2 
of  By-Laws,  as  follows  : 

The  annual  dues  .fhall  be,  for  resident  members,  fire  dollars,  and  for  non-resi- 
dent members  four  dollars.     Carried. 

The  ammdmeDt  as  amended  was  carried  bv  a  two-thirds  vote. 
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The  Executive  Committee  reported  through  the  Secretary  the  probable  cost  of 
employing  a  stenographer. 

Jas.  M.  Chaphe  was  proposed  for  membership  by  Edw.  Flad  and  T.  J.  Whit- 
man. 

Moved  and  seconded  that  the  Executive  Committee  be  authorized  to  employ  a 
stenographer  temjwrarily.     Carried. 

Mr.  J.  A.  Seddou  read  a  paper  on  "Some  Considerations  of  the  Relation  of  Bed 
to  Variables  in  River  Hydraulics,"'  which  was  discussed  by  Messrs.  McMath, 
Moore,  Ockerson,  Johnson,  Johnston  and  others. 

[Adjourned. 'i  Thos.  D.  Miller,  Secretary. 


January  r^O,  1886  :— Club  met  at  8:15  p.  M.,  at  Mercantile  Library.  Presi- 
dent McMath  in  the  chair  and  nine  members  present. 

Minutes  of  last  meeting  were  read  and  approved. 

The  Executive  Committee  reported,  recommending  Jas.  M.  Chaph.^  be  elected 
a  Member  of  the  Club.     He  was  balloted  for  and  elected. 

The  Committee  reported  the  adoption  of  the  following  rule:  All  pnpers  read 
before  the  Club  ayid  intended  for  jnddication  fshnll  be  forwarded  to  the  Secre- 
tary for  consideration  by  the  Executive  Committee,  as  provided  in  the  By-Laws. 

The  Committee  recommend  the  adoption  of  the  following  amendment  to  Sec.  8 
of  the  By-Laws  (add  to  the  section)  :  "  The  sending  of  the  Joirnal  to  any 
member  in  arrears  for  three  months  or  more,  may,  by  vote  of  the  Executive  Com' 
mittee,  be  discontinued." 

A  letter  from  C.  W.  Clark,  asking  that  he  be  classified  as  Non-Resident  Member 
was  read.  The  Club  decided  that  as  he  was  a  resident  on  the  first  of  January 
(when  the  duos  are  payable)  that  he  was  still  a  Resident  Member. 

The  Club  cast  a  vote  of  thanks  to  Mr.  Wm.  E.  'W'orthen  for  a  handsome  copy  of 
"  Cyclopedia  of  Drawing  "donated  by  him. 

Mr.  P.  M.  Brunerread  a  paper  on  the  "  Use  of  Hycb'aulic  Cement,"  which  was 
discussed  generally. 

lAdjoumed.]  Thos.  D.  Miller,  Secretary. 


February  3,  1886  :— Club  met  at  8:30  p.  m.,  at  Mercantile  Library.  Presi- 
dent McMath  in  the  chair,  and  twenty  Members  and  five  visitors  present. 

Minutes  of  the  last  meeting  were  read  and  approved. 

Executive  Committee  reported,  recommending  that  Abraham  Cook  and  Ju- 
lius Baier  be  elected  Members  of  the  Club.  Thoy  were  balloted  for  and  elected. 
Also  the  acceptance  of  the  resignation  of  J.  B.  Stone  and  M.  P.  Brazill. 

The  amendment  to  Section  8  of  the  By-Laws,  proposed  at  the  meeting  of  Janu- 
ary 20,  1886,  was  adopted. 

Mr.  M.  L.  Holman  presented  some  interesting  experiments  on  the  connnercial 
brick  for  engineei'ing  purposes. 

Prof.  C.  M.  Woodward  i-ead  a  paper  on  "The  Theory  of  Ammonia  Refrigera- 
tors."   The  paper  was  generally  discussed. 

Moved  and  seconded,  that  Professor  Woodward  be  requested  to  prepare 
his  paper  for  publication.     Carried. 

[Adjourned.'i  Thos.  D.  Miller,  Secretary. 


Editors  repriniiurf  articles  from  this  journal  art 
requ'Sti:d  to  credit  both  Ike  Journal  and  the 
.Society  before   which  such  articles  were  read. 
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OBQAiaZED     1881. 


"Vol.  "V.  ^v^rffajx-cli,    1886.  3Sro.  5. 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

THE    WORCESTER    SEWERAGE    TUNNEL. 


By    William    Whittaker,    Member   of    the    Boston    Society    op   Civil 

Engineers. 
[Read  November  18,  1885.] 


This  tunnel  was  built  by  the  City  of  Worcester  within  its  limits,  and 
is  loc^ated  as  follows  :  Beginning  on  Crystal  street,  at  a  point  300  feet 
east  of  the  Boston  &  Albany  Railroad,  thence  northeasterly  on  Crystal 
street  about  1,600  feet,  thence  northerly  on  Maywood  street  about  1,000 
feet  The  total  length  of  tunnel  was  2.600  feet.  The  tunnel  section 
averaged  6  feet  by  8  feet  6  inches. 

The  uork  was  begun  in  open  cut.  but  after  the  rock  excavation  had 
been  carried  to  a  depth  of  18  feet,  the  grade  being  at  this  point  38  feet 
below  the  surface,  it  was  deemed  expedient  to  resort  to  tunneling.  After 
shaft  No.  1  was  started  in  August,  18S4,  which  required  a  depth 
of  excavation  of  22  feet  in  rock  and  16  feet  in  earth,  so  much  opposition 
was  made  to  tunneling  that  this  portion  of  the  work  was  suspended 
several  weeks.  A  careful  account  of  the  cost  of  the  wox'k  in  open  cut 
was  kept,  and  as  this  cost  far  exceeded  the  estimate,  it  was  decided  to 
work  one  section  in  open  cut,  and  another  in  tunnel,  each  section  being 
worked  as  economically  as  possible  under  the  circumstances.  The  result 
demonstrated  that  the  cost  of  tunneling  would  not  exceed  50  per  cent,  of 
the  cost  of  the  work  in  open  cut.  Open  cut  was  then  abandoned  for 
tunneling,  which  the  author  thinks  resulted  in  a  saving  to  the  city  of 
Worcester  of  at  least  sixty  thousand  dollars. 

The  average  depth  of  cutting  was  about  30  feet ;  at  Main  street,  shaft 
6,  it  was  about  50  feet.  The  shafts  were  started  about  14  feet  square, 
and  were  placed  about  350  feet  apart.  Earth  was  met  with  in  tliree 
places.  One  was  250  feet  in  length  and  was  tunnelled.  The  timbering 
used  was  as  follows  : 

Starting  from  the  top  of  the  rock  as  found,  small  props  4  inches  by  6 
inches  were  used,  with  4-iuch  by  6-inch  caps,  4  feet  long,  placed  close 
together.     Where  the  roof  was  wet  2-inch  planks  4  feet  long  were  driven 
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with  a  temporary  post  in  the  centre  to  keep  the  caps  from  springing  nntil 
the  planks  were  driven  about  2  feet.  After  going  about  (i  feet  the  roof 
was  dry  and  no  more  driving  planks  were  used,  but  the  4-inch  by  6-inch 
caps  were  continued  as  before,  close  together.  As  the  length  of  the 
props  increased  with  the  dip  of  the  rock  they  became  too  long  for  the 
lateral  strain,  and  a  ranger  with  braces  was  carried  along  on  each  side. 
A  calculation  made  to  determine  the  strength  of  the  caps  showed  that 
with  a  factor  of  safety  of  five  they  would  can-y  30  feet  of  earth,  the 
maximum  load  that  could  come  on  them,  and  as  a  matter  of  fact  we  had 
no  trouble  with  them.  .In  swelling  ground  calculations  seemed  to  be  of 
no  account,  for  the  size  of  the  timbering  must  be  governed  by  the  circum- 
stances of  the  case.  Tlie  caps  were  8  feet  long  between  props.  At  the 
junctions  of  the  timber  headings  an  observer  could  not  tell  which  side 
the  timbering  had  been  done,  the  junction  being  almost  perfect.  A 
1-inch  board  was  nailed  under  each  cap  for  a  cleat. 

The  other  two  sections,  each  about  200  feet  in  length,  were  in  open  cut, 
in  very  bad  earth  mixed  with  plenty  of  water.  The  cost  of  the  open  cuts 
as  compared  with  the  tunnel  was  as  2  to  5,  but  the  author  considers 
this  ratio  would  have  been  as  1  to  2,  if  certain  conditions  in  reference  to 
the  labor  had  not  been  imposed  upon  him. 

A  6-iuch  drain  pipe  was  laid  in  the  bottom  for  sub-drainage  and  kept 
open  for  the  length  of  tunnel ;  the  plan  being  to  drive  from  one  shaft  to  the 
other  before  laying  any  brick.  This  is  the  most  economical  way  to  lay 
the  brick,  providing  circumstances  will  admit  it.  It  very  often  happens 
that  in  bad  ground  the  brick-work  must  be  carried  along  with  the 
excavation  to  prevent  any  serious  results  from  shifting  ground. 

The  drill  used  in  the  tunnel  was  the  Little  Giant  Rock  DriU,  manufact- 
ured by  the  Rand  Drill  Co.,  New  York.  The  air  compressor,  made  by  the 
same  firm,  was  10  inches  by  16  inches,  water  jacketed,  patented  in  1872 
and  1882.  The  receiver  was  4  feet  in  diameter  and  12  feet  long;  a  second 
receiver  was  placed  at  the  end  of  the  air  pipe  similar  to  the  first  one. 
The  air  pipes  were  of  the  following  diameters  :  2^  inches  from  compressor 
to  receiver,  2^  inches  to  outside  of  compressor  house,  then  2  inches  for  about 
800  feet,  li  inch  for  about  700  feet,  U  inch  for  about  600  feet,  1  inch  for 
the  remainder  of  the  distance.  One  pecuKarity,  and  it  might  be  to  many  a 
paradox,  connected  with  the  air  j)ressure  was  this :  with  a  steam  pressure 
of  60 pounds  to  the  square  inch  an  air  pressure  of  80  pounds  was  indicated, 
the  diameters  of  the  air  and  steam  cylinders  and  the  length  of  stroke 
being  the  same  in  both  cases.  We  had  considerable  trouble,  on  very  cold 
damp  days,  with  the  air  pipe  freezing  at  the  valves  and  elbows;  but  we 
had  them  arranged  so  that  steam  could  be  let  on  from  the  different  en- 
gines along  the  line,  and  the  whole  line  was  seldom  shut  off  on  this  ac- 
count. The  greatest  trouble  we  had  was  with  the  unions,  which  were  very 
diffiicult  to  keep  tight,  owing  to  the  expansion  and  contraction  of  the  pipes 
after  steam  heating.  This  the  author  thinks  might  be  overcome  by 
having  pieces  made  to  telescope  one  inside  the  other  with  stuffing  boxes 
and  inserted  at  different  stations,  so  that  the  pipes  could  expand  and  con- 
tract without  affecting  the  joints.  The  boiler  was  made  by  Wm.  Allen 
and  Sons,  Worcester;  length,  13  feet  G  inches  ;  diameter^  4  feet  4  inches  ; 
numlier  of  tubes,  60  ;  diameter  of  tubes,   2J  inches  ;  grate  area,  4  feet  by 
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4  ieet  2  inches.  The  total  length  of  brick-work  was  19  feet  6  inches  ; 
width,  7  feet  6  inches  ;  height,  8  feet  6  inches  ;  distance  of  l)ridge-wall 
below  boiler,  5  inches  ;  thickness  of  tlie  wall,  12  inches,  with  top  course 
rounded  on  the  ends.  Tlie  distance  from  the  floor  to  the  top  of  the  boiler 
was  8  feet.  The  inside  dimensions  of  the  brick-work  were  as  follows  : 
From  bridge-wall  to  back-wall,  8  feet  4  inches  by  4  feet  2  inches  ;  thick- 
ness of  wall,  20  inches,  wnth  a  2-inch  air  space;  diameter  of  smoke-flue, 
18  inches  ;  diameter  of  smoke-stack,  30  inches  ;  length,  45 feet.  The  com- 
pressor did  what  the  author  thinks  very  good  work  ;  it  kept  four  drills  at 
work  continually  twelve  hours  with  one  ton  of  coal.  The  average 
amount  of  coal  used  per  month,  with  four  drills  running  continvially 
from  nine  to  twelve  hours,  was  tw^enty-six  tons.  The  machine  has  been 
running  over  a  year,  and  the  author  considers  it  almost  as  good  as  it  was 
at  the  beginning  of  the  work.  This  compressor  w^as  also  used  on  a  tun- 
nel at  Lynn.  The  drills  the  author  considers  did  remarkable  service. 
They  Avere  worked  continually  during  the  time  as  stated,  and  the  repairs 
averaged  about  two  dollars  per  week  for  each  machine.  From  twenty- 
two  to  twenty-four  holes,  4  feet  deep,  were  drilled  on  an  average  in  ten 
hours,  making  an  average  of  about  90  feet  of  drilling  in  ten  hours  for 
each  machine.  The  best  record  made  was  22  feet  of  lieading  per  week 
for  six  weeks  ;  this  was  going  north  from  shaft  6.  The  average  rate 
of  progress  was  72  feet  per  week  with  four  machines. 

An  important  condition  placed  upon  the  author  was  that  no  shot  should 
be  fired  after  eleven  p.  M.  This  may  have  delayed  the  time  in  finishing 
the  tunnel,  but  did  not,  in  the  author's  opinion,  increase  the  cost  of  the 
work.  If  anything,  it  resiilted  in  a  saving.  The  following  plan  was 
adopted  after  c.irefiil  consideration.  One  gang  was  required  to  drill  and 
tire  befoi'e  leaving;  tlien  one  man  in  each  heading  was  required  to  dig  it 
out  and  have  it  ready  for  the  gang  to  drill  the  next  day.  The  average 
time  on  each  heading  was  thu'teen  hours.  As  it  would  have  taken,  on 
the  average,  from  foui"  to  five  hours  to  clean  out  the  heading  and  set  up 
the  column  ready  for  drilling,  and  only  one  man  could  work  at  the  face 
to  clean  it  out,  in  two  complete  gangs  about  ten  hours  would  have  been 
lost  in  each  twenty-four  hours. 

The  diameter  of  the  holes  was  21  inches  to  commence  with,  and  1^ 
inch  in  the  bottoms.  The  holes  were  drilled  in  the  following  order  : 
Two  dry  holes  in  the  roof,  three  in  the  next  row,  four  in  the  third  row 
five  in  the  fourth  row,  five  in  the  fifth  row.  and  three  in  the  bottom. 
Sometimes  an  extra  hole  was  drilled,  starting  in  the  centre  of  the  fourth 
row,  and  landing  between  the  fourth  and  fifth  rows,  to  make  sure  of  get- 
ting the  cut  or  key  out.  If  this  came  out  all  right,  there  was  very  little 
trouble  in  getting  the  rest  out.  It  may  be  interesting  to  know  how  the 
holes  were  drilled.  Assuming  the  drill  column  is  set  in  the  centre  of  the 
tunnel  or  heading,  the  drill  being  about  in  the  centre  of  the  arm,  com- 
mence by  lifting  the  arm  and  drill  as  close  to  the  roof  as  possible,  inclm- 
ing  the  drill  upward  about  6  inches.  This  hole,  as  stated  before,  is 
drilled  dry.  After  this  is  finished,  the  drill  standing  the  same  on  the  arm. 
tip  up  the  machine,  starting  about  10  inches  or  a  foot  below  the  roof  hole, 
drill  one  in  the  centre,  then  move  out  on  the  arm  to  the  end.  and  drill  a 
hole  on  the  side  almost  straight  ahead  ;  then  drop  the  arm  on  the  column 
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about  14  inclippi,  tip  the  drill  up  about  3  inches  more  than  for  the  last 
row,  and  inclined  outward  about  7  inches.  Now  shift  to  the  centre  of 
the  arm  and  drill  u  hole  straight,  starting  about  1  foot  from  the  side  hole, 
then  tip  up  10  inches  more,  the  arm  and  the  drill  remaining  the  same, 
and  drill  a  hole  directly  under  the  last  one  ;  then  start  a  hole  about  6 
inches  from  this  at  the  same  dip,  but  running  across  the  centre  of  the 
heading  and  to  a  point  about  6  inches  on  the  other  side  of  the  column  ; 
then  jnove  to  the  end  of  the  arm  and  di"ill  a  side  hole  inclined  about  7 
inches  as  before  stated  ;  then  drop  down  on  the  column,  within  about  a 
foot  of  the  bottom,  and  drill  three  holes  similar  to  the  last  three  ;  then 
drop  to  the  bottom  and  drill  one  in  the  centre  and  one  on  the  side.  This 
completes  the  drilling  on  one  side  of  the  column.  Next  move  to  the 
other  side  of  the  column,  and  drill  a  roof  hole  as  before  ;  then  tip  up 
about  10  inches  and  drill  a  side  hole  as  before;  then  drop  down  14  inches, 
and  drill  two  holes  ;  then  tip  up  10  inches,  but  drill  only  two  in  this  row, 
there  being  three  on  the  other  side  ;  the  next  row  is  drilled  like  the  last ; 
then  one  in  the  bottom,  completing  the  heading  for  blasting. 

The  blasting  proceeded  as  follows  :  From  two  and  one-half  to  three 
pieces  of  Atlas  powder  A  brand,  supjjosed  to  be  seventy-five  per  cent, 
nitro-glycerine,  were  put  in  two  holes  in  each  of  the  rows  having  five 
holes  in  it;  these  four  were  fired  first ;  then  two  on  each  side  of  these  ; 
then  the  two  left  on  the  side  ;  this  would  remove  all  the  rock  in  this  sec- 
tion of  the  heading  from  one  side  to  the  other.  By  the  next  blast  the  three 
holes  in  the  bottom  were  blown  up  and  the  row  of  four  holes  was  blown 
down  ;  after  this  the  row  of  three  holes,  and  the  upper  row  were  blown 
downward  by  separate  blasts.  One  A  and  one  D  cartridge  was  generally 
used  in  each  hole  after  the  cut  was  out.  These  cartridges  were  6  inches 
long  and  IJ  inches  in  diameter.  The  powder  smoke  was  troublesome,  but 
there  were  no  serious  results  ;  the  author  himself  was  overcome  several 
times  The  efifect  of  the  powder  was  overcome  by  inhaling  ammonia 
which  was  kept  in  a  bottle  at  the  shaft,  and  was  used  by  the  men.  On 
the  last  100  feet  Forcite  powder  was  used.  It  made  more  smoke  than  the 
Atlas  powder,  but  noue  of  the  men  were  affected  by  it  as  by  the  smoke  of 
the  Atlas  powder,  and  it  certainly  gave  better  results.  About  one  in  six 
of  the  cut  shots  gave  trouble  with  Atlas  powder,  and  only  one  in  twenty 
with  the  Forcite  powder. 

The  cost  of  shaft  sinking  averaged  about  $3.00  per  foot  of  tunnel,  the 
miscellaneous  items  $1.00  per  foot  of  tunnel,  and  the  brick-work  about 
$4.00  per  foot  of  tunnel,  the  tunnel  $17,25  per  foot,  making  in  all  about 
$25.25  per  foot  for  the  tunnel  completed.  Add  to  this  $4.00  per  foot  for 
the  surface  sewer,  which  is  a  liberal  allowance,  makes  a  total  of  $29.25 
per  foot  of  sewer  completed.  The  two  sections  in  open  cut  averaged 
$45.00  per  foot  without  the  surface  drainage,  including  about  8  feet  of 
rock.  From  the  indications  at  each  shaft,  the  rock  would  haA^e  aver- 
aged 26  feet  in  depth,  and  at  the  slow  rate  that  must  have  followed,  the 
cost  could   not  have  been  much  less  than  fifty  or  sixty  dollars  per  foot. 

About  eighteen  hundred  pounds  of  dynamite  were  used  with  no  serious 
accident  to  any  man  on  the  work.  This  the  author  considers  very 
remarkable  for  such  an  undertaking. 

The  material  was  moved  in  wheelbarrows  to   the  shafts,  hoisted  in 
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buckets  lioliling  about  four  cubic  feet,  or  two  barrows,  landed  on  a  truck 
on  the  surface  and  run  to  the  dump,  while  another  was  hoisted. 

A  8iniple  arrangement  for  head  gear  was  made  thus  :  two  pieces  of 
6-inch  by  6-inch  about  20  feet  long  placed  3  feet  apart  and  spanning  the 
shaft,  held  in  place  with  two  struts  toward  the  engine  and  provided  with 
an  iron  stra])  to  hold  the  block.  It  was  a  very  simple  affair,  cost  little 
and  answered  its  jmrpose  very  well. 

The  tunnel  was  kept  dry  with  two  Knowles  pumps,  with  2-iDch  suc- 
tion and  1^-inch  discharge,  run  by  the  hoisting  boilers.  Sometimes  a 
doulile  engine  was  used  which  took  care  of  two  shafts. 

The  tunnel  was  lined  on  the  lower  half  with  brick-work  ;  the  top  was 
left  with  a  rock  face.  Only  two  small  sections  of  the  tunnel  had  to  be 
arched  with  brick  in  the  rock  excavation. 

The  lines  and  grades  were  given  by  Mr.  Forbes.  Assistant  Engineer. 
No  error  could  be  discovered  at  the  junctions  of  the  several  headings. 
The  alignment  was  carried  on  the  surface  with  an  ordinary  transits,  with 
two  ten-pound  plumb-bobs  at  the  shafts,  and  in  the  tunnel  between  with 
a  fine  line,  wliich  worked  verv  well. 
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By  Wm.   Boi'Tox.  MEirBER  of  the  Engineers'  Club  of  St.    Louis. 
[Read  January  21,  1885.] 


Accuracy  is  a  relative  term.  "  We  speak  of  a  thing  as  accurate  with 
reference  to  the  care  bestowed  upon  its  execution,  and  the  increased 
correctness  to  be  expected  therefrom"  (Webster's  Synonyms).  It  would 
not  be  accuracy  but  confiscation  to  expend  the  same  amount  of  pains- 
taking labor  in  surveying  land  worth  one  dollar  and  a  quarter  an  acre 
that  would  be  essential  in  surveying  town  lots,  where  the  walls  of  valu- 
able buildings  abut  with  precision  upon  the  property  lines.  The  purpose 
of  the  work  determines  the  method  which  should  be  used,  and  the 
amount  of  Inmian  frailty  which  may  receive  the  award  "  well  done." 
Old  surveys  are  often  retraced  by  the  methods  originally  used,  and  are 
found  accurate.  ?".  e.,  without  mistake,  and  with  a  care  adequate  to  the 
use  for  which  the  jjroperty  is  fitted.  When  the  use  changes,  and  Avith 
it  the  method  of  surveying,  it  is  probable  that  every  line  will  have 
a  revised  and  corrected  length,  every  angle  a  different  observed 
value.  A  surveyor  engaged  in  such  work  is  trying  to  find  out  how 
much  the  ground  has  grown  since  it  was  measured  last.  Mr. 
CuUey  (see  the  Journal  of  September,  1884),  makes  an  earnest 
appeal  for  the  transit  and  stfel  tape  for  farm  surveying.  When  the 
course  of  the  survey  strikes  into  gniind  that  is  covered  with  briars  and 
hazel  i)rush.  honey  locust  and  poison  oak.  grapevines  and  other  vines  too 
numerous  to  mention,  with  weeds  ten  feet  high  wherever  they  can 
get  breathing  room.  I  confess  that  for  my  part  I  prefer  the  com- 
pass and  chain,  and  consider  that  method  emirely  adequate  until  the 
land  can  be  put  to  some  better  use  ;  but  if  the  land  is  well  cultivated 
and  the  fence  rows  are  clean,  it  is  practicable  to  use  the  transit  and  tape 
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without  mvich  extra  cost  and  with  very  much  more  satisfactory  results. 
It  is  generally  true  that  the  earliest  application  of  more  accurate  methods 
finds,  before  the  work  can  proceed,  more  rough  places  to  be  made  smooth, 
than  crooked  places  to  be  made  straight.  The  best  work  cannot  be  done 
under  such  circumstances  ;  while  human  nature  stops  s'  ort  of  absolute 
perfection,  the  quahty  of  the  work,  of  those  who  are  competent  and 
careful,  will  be  affected  by  conditions  under  which  their  w^ork  is  dene. 
To  him  who  makes  the  elimination  of  error  from  his  own  work  a 
labor  of  love,  or  a  matter  of  professional  pride,  it  wall  soon  be  plain 
that  every  kind  of  error,  which  can  in  the  nature  of  the  case  possibly 
exist,  will  some  time  be  found,  that  the  siuiplest  kinds  of  work  involve 
many  possibilities  of  error,  and  will  further  find  that  every  check  intro- 
duced into  the  work  in  order  to  prevent  error,  brings  in  its  train  new 
possibilities  of  error. 

If  the  problem  is  to  retrace  an  old  survey,  having  the  original  notes,  a 
comparison  of  the  resuivey  with  the  original  will  probablj^  show  errors 
in  (jne  or  the  other,  which  may  be  classified  as  follows  : 

1.  Errors  due  to  difference  of  method  used. 

2.  Errors  due  to  the  extent  of  the  work  and  to  the  passage  of 
obstacles. 

3.  Errors  in  the  work  or  record  due  to  the  incompetence  or  careless- 
ness of  either  surveyor. 

These  observed  errors  are  the  algebraic  difference  of  errors,  kind  for 
kind,  of  the  two  surveys.  The  true  values  are  not  to  be  reached  by  a 
division  of  the  observed  errors,  nor  by  the  assumption  that  they  all 
belong  to  the  older  svrrvey.  Approximation  to  the  truth  is  to  be  sought 
for  in  the  increased  care  given  to  resurveys. 

When  a  survey  takes  the  form  of  a  subdivision  w^ith  a  recorded  plat, 
and  deeds  are  made  referring  to  the  plat  of  record,  the  number  of  pos- 
sible errors  is  very  much  increased.  In  making  a  subdivision  no  pains 
should  be  spared,  (here  virtue  brings  its  own  reward,  if  not  to  the  sur- 
veyor, at  least  to  the  community);  the  plat  should  be  mathematically 
consistent,  and  should  correctly  show  how  the  subdivision  stands  related 
to  original  property  lines ;  monuments  marking  the  more  important 
points  of  subdivision  should  be  accurately  placed  upon  the  ground. 
Angles  as  well  as  lines  and  distances  are  an  essential  part  of  a  workman- 
like plat.  The  ideal  subdivision  is  seldom  seen.  On  the  other  hand,  the 
number  of  hairs  in  a  man's  head  would  all  be  needed,  if  he  should 
attempt  to  keep  tally  with  them  in  how  many  ways  a  subdivision,  or  its 
recorded  plat,  or  the  corner  stones  may  be  wrong. 

Next  comes  the  conveyancing  built  upon  this  foundation.  An  ingen- 
ious notary  can  make  things  lively  for  a  surveyor  ;  the  ha'f  was  never 
told. 

The  field  notes  purport  to  give  an  account  of  how  the  corners  have 
been  perpetuated,  what  marks  now  exist  and  how^  the  subdivision  has 
been  verified  by  i-esurvey.  If  they  fail  to  give  this  information,  that 
failure  is  often  a  source  of  error. 

The  place  where  most  of  the  errors  so  far  noted  should  be  corrected  is 
in  the  office,  but  the  place  where  they  will  materialize,  if  not  corrected, 
is  in  the  field.     They  form  the  vast  majority  of  the  reasons  why  "  two 
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surveyors  can  never  agree  "  A  judiciously  arninj^ed  and  (liorouj^ldy 
equipped  ottice  is  an  essential  precedent  to  correct  field  work,  and  makes 
many  things  j)ossible  wliicii,  without  it,  are  impossible. 

There  are  surveyors  who  say,  "  I  don't  go  into  any  such  questions.  I 
survey  wliat  is  ordered.  If  a  man  brings  his  deed  to  me,  and  says,  *  I 
want  this  lot  surveyed,'  and  that  deed  contains  a  description  whicli  can 
be  located.  I  follow  it ;  if  it  contains  other  words  and  phrases  which  pre- 
sumably mean  something,  but  what  they  mean  is  uncertain,  I  ignore 
them — all  that  belongs  to  the  investigator  of  titles." 

Sup|iose  that  this  statement  is  made  to  the  owner  of  the  lot,  and  he 
says.  '"Yes;  I  had  the  title  investigated,  here  is  my  abstract."  You 
take  it,  and  read  the  description  in  the  deed,  possibly  with  the  puzzling 
phrases  omitted,  and  a  certificate  like  this  :  "  I  have  examined  the  public 
records  of  X  county,  and  the  indexes  thereto  attached,  and  find  the  title 
to  the  above-described  lot  fully  vested  in  John  Smith  ;  taxes  paid  ;  judg- 
ments, none,"  you  don't  feel  that  you  have  learned  much  ;  but  if  you 
inquire  further,  the  investigator  will  tell  you  something  like  this  :  "The 
chain  of  title  is  complete  from  the  original  owner  to  the  present.  The 
conveyances  are  in  due  form."  "  But,"  you  ask,  "  what  is  the  force  of 
this  call  for  boundary  ?"  or  this:  "And  being  the  same  property  con- 
veyed by  deed  of  Brown  to  Jones?"  He  may  reply,  "The  wording  of 
that  deed  from  Brown  was  a  little  different  from  that  of  the  present 
deed  ;  but  it  is  not  such  a  difference  that  I  can  sit  here  in  my  office,  and, 
looking  at  the  two  papers,  say  that  they  must  mean  different  things  ; 
that  is  a  question  for  surveyors.  As  to  that  'boiTudary,'  I  was  investigat- 
ing Smith's  title,  not  his  neighbor's."  Between  such  investigators  and 
such  surveyors  and  notaries,  who  are  willing  to  add  or  omit  a  word  or 
plu'ase  in  order  to  make  the  meaning  as  they  understand  it  plain,  there 
is  many  a  stitch  dropped.  Neither  can  keep  closely  to  what  he  is  pleased 
to  term  his  own  business  and  give  a  final  result  free  from  mistakes. 
If  there  be  a  mistake  in  some  such  way  caused,  whose  fault  is  it  that 
the  location  is  wrong?  Generally,  I  think,  the  siu'veyor's.  He  is  em- 
ployed to  correctly  interpret  the  meaning  of  that  deed  by  marks  upon 
the  ground.  It  is  his  business  to  get,  and  require  pay  for  getting,  in 
some  way  the  information  necessary  in  order  to  do  the  work.  Interpre- 
tation presupposes  under.-tanding  ;  it  will  not  do,  while  a  part  of  the 
deed  is  in  doubt,  lo  interpret  what  is  plain  and  say,  "  This  is  all."  Some 
State  law-makers  need  to  learn  this  lesson. 

If  the  work  so  far  described  has  been  well  done,  the  field  work  is 
next  in  order.  The  location  of  a  line  is  the  accurate  determination  and 
marking  of  its  origin,  direction  and  length.  There  is  a  trite  saying,  "  If 
sui-veyors  could  only  agree  on  what  they  should  measure  from,  the 
rest  of  the  differences  would  be  of  little  account."  While  there  is  some- 
thing to  be  said  as  to  other  differences,  after  this  branch  of  the  subject 
is  finished,  I  feel  compelled  to  admit  that  there  is  a  deal  of  force  in  this 
view.  It  involves  the  perpetuation  of  lines  by  all  the  methods  known  to 
the  craft,  and  the  verification  to-day  of  that  which  survives  from  the 
past.     In  a  majority  of  instances  in  this  city  the   deeds  recite  that   the 

property  sold  is  a  j)art  of ^  Subdivision,  as  per  plat   of  record.     The 

recorded  plat  usually  does  not  show  how  the  lines  were  marked;  does  not 
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even  show  tli at  they  were  ever  marked  at  all.  Nevertheless  it  is  fairly 
probable  that  stones  or  other  monuments  have  been  set.  "What  is  now 
the  proper  thing  to  do  ?  Shall  I  agree  with  Pope  that,  "  whatever  is,  is 
right,"  and  take  unquestioning  that  which  first  comes  to  hand  and  make 
from  it  the  required  location  ?  If  so,  my  neighbor  who  has  an  office  across 
the  street,  may  with  equal  right  measure  from  the  other  end  of  the  block 
and  certify  my  survey  wrong.  Monuments  derive  their  authority,  not 
from  the  fact  that  they  exist,  but  from  the  fact  that  they  conform  with 
reasonable  accuracy  to  the  recorded  plat.  To  say  that  the  location  of 
the  subdivision  logically  precedes  the  location  of  lots  within  it,  is  but 
another  way  of  saying  the  same  thing.  It  is  the  surveyor's  business,  not 
to  assume,  but  to  know  with  reasonable,  or  at  least  with  all  attainable 
certainty,  that  the  monuments  found  correspond  to  the  subdivision. 
Having  once  verified  carefully  the  position  of  corner  stones,  or  whatever 
else  approximates  permanence,  that  pobition  is  for  the  future  a  matter 
of  knowledge.  But  the  permanence  of  all  marks  whose  position  is  essen- 
tial to  the  survey  must  whenever  used  be  tested  before  a  location  is 
made. 

Although  much  field  work  has  been  imijlied  in  what  has  been  already 
said,  the  discussion  of  methods  of  measuring  has  been  left  until  more 
unportant  things  were  disposed  of  ;  no  care  in  determining  the  length  of 
a  line  can  make  that  survey  correct  which  begins  in  the  wrong  place  and 
ends  nowhere. 

Considered  as  affecting  the  result,  errors  are  plus  or  minus.  Some  of 
the  sources  of  error  which  affect  every  piece  of  work  are  as  likely  to  pro- 
duce plus  as  minus  errors,  and  will,  in  fact,  produce  both  plus  and  minus 
errors  in  the  same  piece  of  work,  e.  g.,  inaccuracies  in  observing  the 
point  of  a  plumb,  or  its  vibration  in  a  still  day.  The  theory  of  probability 
shows  that  if  the  number  of  trials  is  made  sufficiently  large  the  number 
of  times  when  each  possible  event  will  occur  will  be  in  precise  propor- 
tion to  tlie  probability  of  that  event.  If  the  errors  due  to  any  source  are 
as  likely  to  be  plus  as  minus,  the  relative  resultant  error  will  become  less 
than  any  assignable  limit,  as  the  extent  of  the  work  approximates  infin- 
ity. Experience  will  enable  the  surveyor  to  fix  upon  the  value  of  the 
maximum  error  in  his  own  work  for  a  short  distance,  say  100  feet.  The 
maximum  possible  error  is  a  simple  multiple  of  this,  and  it  is  something 
approximating  this  maximum  occurring  at  improbable  and  unexpected 
times  that  plagues  and  costs  reputation  at  least.  I  have  found  no  better 
way  of  eliminating  this  possibility  than  by  measuring  and  running  general 
lines,  such  as  boundaries  of  the  larger  tracts,  then  cutting  up  the  area 
by  intersecting  lines  and  tying  up  every  survey  at  both  ends. 

Other  sources  of  error  are  in  their  nature  not  compensating  but 
cumulative.  The  ideal  surveyor  applies  such  a  correction  as  to  make 
every  cumulative  error  compensating.  In  the  free-hand  work  of  the 
surveyor,  any  cumulative  error,  if  platted  in  terms  of  the  distance  meas- 
ured, would  show  a  wavy  line ;  a  correction  of  its  averge  value  would 
leave  a  compensating  error — a  sort  of  second  differential.  I  proceed  to 
consider  some  cases. 

Within  tlie  last  twenty  years  the  old  method  of  using  wooden  rods 
whf^n  accurate  measurement  was  desired  has  been  with  great  advantage 


ELIMINATION  OF  ERRORS  IN  FIELD  WORK. 


155 


repliK-ed  by  the  use  of  the  steel  tape.  Tlie  surveyor  professes  to  pive  the 
liorizontal  tlistances  between  points  noted.  A  man  measuring  with  a 
tape  never  measures  a  horizontal  distance.  What  he  does  measure  is  a 
succession  of  catenary  curves.  Men  who  ought  to  know  better  have  sug- 
gested that  this  may  be  all  very  true,  but  it  don't  amount  to  much  any- 
how. I  suggest  the  following  as  worthy  of  notice.  Any  curve  is  longer 
than  its  chord  ;  it  is  also  longer  than  the  sum  of  the  two  chords  which 
join  its  ends  wilh  its  middle  point.  If  the  tape  used  is  fifty  feet  long, 
and  the  sag  at  the  centre  is  one  half  a  foot,  the  short  chords  diverge 
from  the  long  chords  at  the  rate  of  two  feet  in  one  hundrtd.  A 
moment's  in.spection  of  a  table  of  cosines  will  show  that  the  sum  of  the 
short  chords  exceeds  that  of  the  long  chords  by  more  than  one  foot  in  a 
mile.  I  consider  that  this  approximate  error  from  one  source  is  greater 
than  the  sum  of  all  the  errors  which  a  reasonable  man  surveying  city 
lots  should  admit  into  his  work.     The  case  demands  attention. 

The  following  table  I  have  found  convenient  in  my  own  work  and  sub- 
mit for  what  it  is  worth.  Taking  the  condition  that  the  tape  is  of  uni- 
form section  and  carries  no  load  except  its  own  weight,  I  use  the  follow- 
ing nomenclature  : 


H  =  horizontal  tension. 

w  =  weight  of  unit  of  length. 

W  =  weight  of  tape. 

e     =  base  of  Naperian  logarithms. 

Theny==--(^    «4-e' 
H 


wx 

IT 


=  length  of  cur^e  from  origin. 
=  length  of  tape, 
and  y  —  horizontal  and  vertical  co-ordi- 
nates, origin  at  lowest  point. 

JJ    I     wx  wx 
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H 
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Observe  that  if  77—  is  constant,  y  and  s  constant,  for  x  =  i  I. 

2w 

For  assumed  values  of  this  ratio  varying  between  sufSciently  wide 
limits,  the  effects  of  the  sag  and  of  the  corresponding  pull  are  tabulated. 
When  the  sag  is  observed  the  errors  shown  are  correct,  the  pull  netd 
not  be  observed,  and  the  tape  may  be  heavy  or  light.  If  an  engineer 
prefers  to  estimate  or  measure  his  pull  rather  than  his  sag,  let  him  divide 
his  pull  by  the  weight  of  his  tape  and  seek  the  quotient  in  the  fourth  col- 
umn and  the  corresponding  error  in  the  sixth  or  seventh.  I  add  the  sec- 
ond part  of  the  table  for  such  as  prefer  a  tape  100  feet  long. 


a:  =  25  ft. 

TAPE  50  FT 

LONG. 

Sag. 

Pull. 

Resultant  ±. 

H 

V 

Excess    of 

curve. 

—  error. 

H 
W 

EloDgation 
4-  error. 

Error  in  50  ft. 

Error  in 

1,000  ft. 

w 

- 

-f 

- 

-1- 

400 
500 
600 

Ft. 
0.78 
0.63 
0.52 
045 
0..39 
0..35 
0.31 
0.28 
0.26 

Ft. 
0.0326 
0.0200 
0.0140 
U.0098 
0.IJ071 
0  0055 
0.0045 
0.0040 
0.00.37 

8 
10 
12 
14 
16 
18 
20 
22 
24 

Ft. 
0.0025 
0.0031 
0.00.37 
0.0043 
0.0050 
0.0056 
0.0062 
0.0068 
0.0075 

Ft. 
0.0301 
0.0169 
0.0103 
0.0055 
O.OO^l 

Ft. 

Ft. 
0.602 
0.338 
0.206 
0.110 
0.042 

Ft. 

7(jn 

"o.bdoi' 

0.0017 
0.0028 
0.00:58 

900 

0.002 

1,000 
1,1(0 
1,200 

0.0.34 

0.056 

0.076 

.... 
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X  —  50  FT        TAPE  100  FT.  LOKG. 


Sag. 

Pull. 

Resultant  ± . 

H 

y 

Excess     of 

curve. 

—  error. 

H 

Elongation 
+  error. 

Error  in  100  ft. 

Error  in  1,000  ft. 

w 

- 

+ 

- 

+ 

800 
900 

Ft. 
1.56 
1.39 
1.25 
1.14 
1.04 
0.96 
(1.89 

1 
Ft. 
0.0652     1     8 
0  0509     1     9 

Ft. 
0.0099 
0.0112 
0.0124 
0.0137 
0.0149 
0.01  (il 
0.0174 
0.0186 
0.0199 
0.0223 
0.0249 
0.0298 

Ft. 
00553 
0.0397 
0.0276 
0.0197 
0.0130 
0.0073 
0.0022 

Ft. 

Ft. 
0.553 
0.:'.97 
0.276 
0.197 
0.130 
0.073 
0.022 

Ft. 

1.000 
1,100 

0.0400 
0.0334 
0  0279 
0.0234 
0.0196 
0.0166 
0.0142 
0.0109 
0.0090 
0.0(174 

10 
11 
12 
13 
14 
15 
16 
18 
20 
24 

:::::>, ::. 

1,200 
1,300 
1  400 

0.0026" 

0.0057 
0.0114 
0.0159 
0.0224 

1,500 

0.020 

1,600    0  78 
1,800    0.70 
2,000    O.di 
2,4.00   n  .^v> 

0.057 

0.114 

0.159 
0.224 

PIP  J-T         ' 

In  the  formula  elongation  =^r7,>  tt  ^^  ^  multiple  of —   in  the  first  col- 

umn  of  the  table.     Hence  the  elorgation  varies  as —  .    I  have  used  iv  = 

10 

3.4  k  for  tempered  steel.  A  change  in  E,  modulus  of  elasticity,  Avould 
change  the  fifth  column  and  all  derived  from  it. 

I  do  not  think  there  can  be  a  difference  in  tempered  steel  reduce(3  to  so 
small  a  section  as  a  tape  which  will  be  of  sufiicent  importance  to  be  taken 
account  of  in  surveyors'  work.  Professor  Johnson,  of  our  club,  made,  in 
1881,  for  the  United  States,  a  series  of  experiments  upon  a  Chesterman 
300  feet  long  ;  he  found  E  =  27,400,000.  I  have  used  his  coefficient.  I 
see  Mr.  Culley  uses  29,000,000,  but  cannot  find  any  reason  to  suppose  it 
has  better  authority.  It  would  appear  from  the  table  that  it  is  practica- 
ble to  pull  such  an  amount  that  no  coiTection  need  be  applied  for  these 
errors.  Experience  will  show,  however,  that,  if  the  habitual  pull  is  right 
for  a  perfect  calm,  the  slightest  wind  will  carry  out  the  centre  of  the  tape 
to  fully  one-half  a  foot  sag,  without  being  sufficient  to  suggest  the  neces- 
sity for  increasing  the  pull  in  order  to  reduce  the  sag. 

The  accompanying  sketch  shows  graphically  the  same  facts.  The  sag, 
in  dotted  lines,  scale  at  the  right,  is  for  a  single  length  of  tape.  The  lull 
lines,  scale  at  the  left,  show  the  resultant  errors  for  one  thousand  feet, 
an(1  can  at  any  point  he  read  as  accurately  as  the  average  sag  can  be 
observed.  Perhaps  better  say,  as  accurately  as  average  observation  can 
determine  sag.  for  the  sag  should  be  as  constant  as  a  consciously  con- 
stant pull  can  make  it.  The  observation  is  the  surveyor's  means  of  know- 
ing that  the  work  is  being  done.  A  more  emphatic  statement  than  the 
sketch  itself  of  the  worthlessness  of  an  unsteady  hand  at  the  forward 
end  of  the  tape  would  be  hard  to  make. 

A  second  reason  why  surveyors  do  not  measure  horizontal  distances  is 
that  the  ends  of  the  tape  are  not  kept  level.  If  a  man  says  "  I  can  do 
it,"  watch  him  closely,  for  when  he  succeeds  it  will  be  a  mistake.  If  he 
says  "  I  can  come  pretty  near  it,"  give  him  credit  for  understanding  the 
situation  and  watch  him  too.      There  is  a,  difference  of  ability  to  judge, 
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but  at  some  i)oint  every  person  would  recoKuize  sutli  au  error.  In  this 
case  we  have  the  joint  judgment  of  at  least  two  men  i)resumably  some- 
wliat  experienced.  Tlie  limit  of  their  error  will  be  ai)proximately  uni- 
form for  like  conditions  ;  probably  will  not  exceed  two  per  cent,  of  the 
length  of  the  tape.  We  may  suppose  that  no  error  in  judging  the  level 
exceeds  two  percent.,  and  assuming  a  probable  distribution  of  errors 
within  that  limit  calculate  the  probable  correction,  but  the  result  is  too 
small  to  account  for  the  facts.  A  surveyor  of  any  experience  knows 
that  somehow  or  other  this  correction  must  sometimes  amount  to  con- 
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siderable.  On  lines  where  appearances  are  deceiving,  it  is  customary, 
when  there  is  a  difference  of  opinion,  to  test  the  matter  by  plumbing  a 
different  bight,  and  correcting  the  pin,  if  an  error  is  apparent.  Now 
this  method  of  correction  is  not  applicable  to  errors  of  inclination,  which 
are  smaller  than  two  per  cent.,  and  .some  which  are  larger  than  that  will 
slip  tlirnugh.  On  some  lines  this  check  is  necessary  every  time  for  a 
large  part  of  the  distance.  On  such  lines  the  head  is  no  longer  level;  the 
apparent  horizontal  differs  from  the  truth,  and  the  probable  range  of 
error  instead  of  being  equally  each  side  of  the  horizontal,  is  all  one  side. 
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and  may  be  at  ils  limit  nearly  five  per  cent.  The  ijart  exceeding  two 
per  cent,  may  be  very  nearly  all  eliminated  by  the  mechod  noted  above. 
I  conclude  that  there  is  alivmjs  an  error  due  to  the  fact  that  the  tape  is 
not  horizontal,  and  this  is  always  a  minus  error,  A  constant  correction 
for  ii  and  for  the  resultant  between  sag  and  pull  should  be  determined 
by  the  surveyor  for  his  "  team,"  and  applied  to  sticking  of  the  pin.  A 
further  minus  correction  is  due  this  cause  on  difficult  lii.es,  before  it 
should  be  called  a  mistake  ;  at  its  extreme  limit  I  place  it  at  two-tenths 
of  a  foot  in  one  thousand  feet — the  correction  due  to  an  inclination  of 
two  per  cent.  This  further  correction  should  never  be  applied  to  graded 
lines,  for  there  such  an  error  is  inexcusable. 

"Were  it  not  for  variations  due  to  temperature,"  Mr.  Culley  says,  "'  all 
lines,  both  long  and  short,  within  the  scope  of  the  land  surveyor,  could 
be  measured  exactly."  The  idea  of  dating  a  survey  in  order  to  be  able 
to  judge  of  the  probable  error  due  to  this  cause,  which  he  suggests  far- 
ther <m,  may  do  in  Cleveland  ;  but  in  a  climate  which  boasts  of  80°  F.  in 
January,  and  60°  F.  in  July,  with  a  wide  range  of  temperature  in  any 
month,  this  method  of  eliminating  the  error  is  fallacious.  The  pins  and 
■minus  maximum  errors  due  to  this  cause  are  very  large  ;  but  the  easiest 
in  the  whole  list  to  manage.  I  attach  a  thermometer  to  my  tran- 
sit so  as  to  carry  it  conveniently,  observe  the  temperature  in  the  sun  or 
in  the  shade,  according  to  the  average  condition  of  the  line,  and  make 
the  correction  then  and  there. 

The  standards  furnished  by  the  government  are  rods  of  steel  correct 
at  60°  F.,  or  as  marked.  Using  these,  a  rod  of  steel  as  long  as  the  tape 
used  should  be  marked  with  the  standard  length  at  60°  F.  This  standard, 
for  obvious  reasons,  should  be  sheltered  from  sun,  wind  and  rain.  If  an 
office  floor  is  long  enough,  it  will  furnish  a  convenient  place  for  fixing 
it.  The  centre  should  be  held  firmly,  and  the  ends  be  so  fastened  that 
they  may  expand  freely,  but  cannot  be  bent  or  sprung  out  of  place.  The 
marking  should  be  done  after  it  is  in  place.  A  tape  tested  on  such  a 
standard  is  correct  at  60°  F.,  whatever  may  be  the  temperature  when  the 
test  takes  place,  provided  that  the  tape  be  brought  to  the  same  tempera- 
ture as  the  rod  before  the  test  is  made.  All  measurements  should  be 
made  with  the  tape  at  its  tested  length,  and  the  correction  applied  to  the 
Avhole  distance  measured.  Some  tapes  are  made  so  as  to  apply  the  cor- 
rection to  the  tape.  I  have  tidied  both  ways,  and  don't  want  any  adjusta- 
ble tape  in  my  work.  A  thermometer  is  equally  necessary,  and  one  more 
loose  end  is  to  be  watched  with  no  corresponding  advantage. 

I  have  found  this  table  useful  on  a  fly  leaf  of  my  field  book  : 


200' 

300' 

Ft. 

Ft. 

0.084 

0.126 

.070 

.105 

.056 

.084 

.042 

.063 

.028 

.042 

.014 

.021 

400' 


Ft. 
0.168 
.140 
.113 
.084 
056 
.028 


500' 


Ft. 
0.210 
.175 
.140 
.105 
.070 
.035 


600' 


Ft. 
0.252 
.310 
.168 
.126 
.084 
.042 


700' 

800' 

Ft. 

Ft. 

0.294 

0.336 

.245 

2S0 

.190 

.2V4 

.147 

.16S 

.098 

.112 

.049 

.056 

900' 


Ft. 
0.378 
.315 
.252 
.189 
.126 
.063 


OLD  BRIDGES  UNDER  NEW  LOADS. 


159 


70 

.007 

.014 

.021 

.028 

.o:!5 

.042 

.04!) 

.lC)fi 

.003 

80 

.014 

.028 

.042 

.050 

.070 

.084 

.098 

.112 

.120 

90 

.021 

.042 

.0(53 

.084 

.105 

.126 

.147 

.168 

.189 

100 

.028 

.OoG 

.084 

.112 

.140 

.108 

.196 

.224 

.252 

110    1 

.03-} 

.070 

.105 

.140 

.175 

.210 

.245 

.280 

.315 

ICO    I 

i 

.042 

.0b4 

.126 

.168 

.210 

.252 

.294 

.336 

.378 

There  is  nothing  new  in  it.  but  it  is  better  to  do  a  simple  lhin<,^  right 
ouce  for  all  than  to  be  doing  it  over  and  over  again  for  all  time. 

The  force  of  the  wind  upsets  all  these  calculations.  Our  catenary 
curve  that  was  a  function  of  x  and  y,  is  now  a  function  of  x,  y  and  z. 
The  plumb  ceases  to  point  to  the  centre  of  the  earth.  Its  average  posi- 
tion is  misleading — is  the  result  of  a  composition  of  forces.  These  effects 
can  be  mitigated  to  some  extent  by  holding  the  centre  of  the  tape  to  its 
place  in  line,  by  shielding  the  plumb  and  increasing  the  pull  ;  but  such 
work  is  always  unsatisfactory.  The  only  way  to  eliminate  this  source  of 
manifold  errors  is  to  cease  from  any  piece  of  work  when  the  wind  is  so 
high  that  it  cannot  be  done  as  it  should  be  done.  There  are  estimates, 
topography,  etc.,  which  do  not  require  a  high  degree  of  precision  and 
can  be  done  when  other  work  cannot. 

Subdivision  work,  where  it  is  proposed  to  build  brick  walls  to  property 
lines,  showing  errors  in  closing  or  subdivision  of  1  in  5,00U,  should 
doubtless  be  retraced.  The  average  error  of  resurveys,  built  on  such  a 
basis,  need  ?iot  exceed  1  in  20,000.  The  maximum  error  can  then  be 
kept  within  manageable  limits. 
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Bt  C.  M.  Barbee,  Me:iiber  of  Civil  Engineers'  Club,  of  Cleveland. 
[Read  December  8,  1885.1 


From  a  railroail  stand-point,  if  not  from  every  other,  we  are  living  in 
an  age  in  which  kinetic  energy  seems  to  take  the  lead.  The  wheels  of 
commerce  are  to-day  turning  faster  than  ever  before.  The  watchword 
of  the  hour  is  "rapid  transit."  Whether  this  is  due  to  the  natural  and 
healthy  development  of  an  enlightened  civilization,  or  to  the  feverish 
excitement  of  competing  monopolies,  or  to  both,  it  matters  not ;  the  fact 
remains. 

The  great  improvements  in  automatic  brakes  have  made  it  safe  to  run 
express  trains  at  almost  the  highest  attainable  speed,  and  we  think  it  will 
not  be  long  before  a  hke  improvement,  applied  to  freight  cars,  will  make 
it  practicable  to  run  heavy  freight  trains  at  a  considerably  increased 
speed,  especially  certain  classes  of  freight. 

With  the  same  end  in  view,  the  loads  and  empty  weights  of  freight 
cars  have  recently  been  greatly  increased,  and  locomotives,  such  as 
George  Stephenson  could  hardly  have  dreamed  of,  a  e  in  common  use. 

It  is  the  purpose  in  this  paper  to  call  attention  to  tlie  fact  that  since  the 
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weiglit  and  speed  of  the  rolling  stock  have  been  and  are  now  being 
rapidly  and  greatly  increased,  substructures  that  have  not  been  especially 
increased  in  strength  and  stiffness  to  correspond  to  the  additional  loads 
put  upon  them  are  subjected  to  greater  strains  than  those  for  which  they 
were  designed ;  also  to  show  the  effect  of  greater  loads  at  increased 
speeds  on  such  structures. 

If  A  e  compare  the  present  weight  of  a  freight  locomotive  or  of  a  pas- 
ppuger  locomotive  with  that  of  ten  years  ago,  we  shall  find  that  there  has 
been  an  increase  of  about  50  percent.  "The  capacity  of  cnrs  has  increased 
from  20,000  pounds  in  1855  to  1876,  to  40,000  pounds  in  1883,  and  to  50,000 
pounds  in  1885 ;  and  the  master  car-builders  have  recently  decided  upon  a 
standard  car  to  carry  60,000  pounds.  The  weight  of  cars  on  the  Pennsyl- 
vania Railroad  increased  from  20,500  pounds  to  22,000  pounds  only,  from 
1870  to  1881."  We  extract  these  facts  from  Mr.  Corthell's  valuable  paper, 
read  before  the  American  Society  of  Civil  Engineers  June  25,  1885.  This 
gives  us  for  the  total  weight  of  loaded  cars  in  1876,  40,500  pounds,  in 
1885,  72,000  pounds,  thereby  showing  an  increase  in  the  weight  of  loaded 
cars  of  77  per  cent,  in  9  years. 

Railroad  truss  bridges  in  this  country  are  of  three  kinds,  viz  :  wood, 
iron  and  combination.  The  usual  form  of  the  last  two  is  the  Pratt  truss, 
(as  it  is  generally  called),  but  the  first  is  nearly  always  of  the  Howe 
truss  form. 

The  Railroad  Commissioners  report  of  Ohio  shows  that  there  were  in 

use  in  this  State  : 

Combi- 
Woodeu.  IroD.  nation. 

In  1882 1)36  347  81 

In  1883 1.165  461  184 

Number  built  ill  one  year 329  114  53 

From  this  table  we  see  that  the  old  reliable  of  our  fathers,  the  wooden 
Howe  truss,  is  still  on  duty  with  a  large  majority.  The  Howe  truss  is 
undoubtedly  the  most  economical  wooden  bridge  that  is  built.  It  was 
invented  in  1846,  but  was  then  built  with  an  arch,  which  we  think  is 
never  seen  now,  except  where  it  has  been  put  on  afterward  as  a  re- 
enforcement. 

The  u"on  bridges  in  common  use  are  generally  of  the  best  construction, 
and  most  are  now  new  and  up  to  the  present  standard,  but  some  of  the 
older  ones  are  being,  or  should  be,  rei^laced  by  heavier  ones. 

Without  further  considering  the  different  forms  of  trusses,  let  us  ex- 
amine the  chord  strains  of  any  of  those  in  common  use.  In  any  form  of 
truss  there  is  a  tension  strain  in  the  lower  chord  and  a  corresponding 
compression  strain  in  the  upper  chord.  These  chord  strains  are  at  a 
maximum  when  the  entire  span  is  loaded ;  and  if  we  take  the  load  as 
uniform,  the  maximum  strain  will  be  at  the  centre,  and  arises  from  the 
maximum  bending  moment  being  at  this  point.  If  we  divide  this  bend- 
ing moment  by  the  depth  of  the  truss,  we  shall  have  an  expression  for 

WP 
the  maximum  strain  in  either  chord,  viz  :  chord  strain  =  ;  in  which 

ocl 

W  is  the  sum  of  the  dead  and  live  loads  per  foot,  I  the  length  and  d  the 
depth  of  truss.     If  we  take  from  the  1876  edition  of  Trautwine  the  dead 
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load  he  gives  for  a  span  of  130  feet,  and  assinne  a  live  load  of  one  ton  per 

foot,  we  have  : 

Pounds. 

Dead  load  per  foot  per  truss 04:^ 

Live     "  "  ••  I,l:i0 

W  -  1,763 

Assuming  the  depth  of  truss  at  twenty-two  feet  and  substituting  in  the 
above  formula  we  have  : 

1st.     Cliord  strain  = =  169,288  pounds. 

8d  ^ 

Again,  taking  the  same  dead  load  and  a  live  load  as  used  in  1885,  we 
have.  Pounds. 

Dead  load  per  foot  per  truss  643 

Live     "  "  "  1,560 

W  ^.  2.203 
R772 

2d.     Chord  strain  =  11-L  =  211,588  pounds, 
8d  '        t  ' 

which  value  is  25  per  cent,  greater  than  the  iirst. 

If,  now,  we  take  the  live  load,  as  used  in  1885,  and  a  dead  load  corre- 
sponding to  it,  we  shall  have  : 

Pounds. 

Dead  load  per  foot  per  truss 1,200 

Live     "  "  "  1,560 

W  =  2,760 

3d.     Chord  strain  =  ^'  =  265,022  pounds, 

8c/ 

^vhich  value  is  56  per  cent,  greater  than  the  first. 

Since  the  dead  load  of  an  iron  bridge  is  about  the  same  as  that  of  a 
wooden  one  of  the  same  strength,  we  see  that  bridges  of  about  180  feet 
span,  built  according  to  an  approved  standard  in  1876,  if  now  in  use  are 
overstrained  25  per  cent.;  and  since  the  material  in  a  tension  member  is 
directly  proportional  to  the  strain,  we  see  by  comparing  the  strains 
obtained  from  equations  1st  and  3d  that  the  lower  chords  are  deficient 
about  50  per  cent.  It  will  be  observed  that  the  live  loads  in  the  exam- 
ples above  differ  only  about  40  per  cent. 

There  is  not  an  engineer  here  to-night  who  cannot  call  to  mind  many 
railroad  bridges,  that  are  now  in  use  exactly  as  they  were  10  years  ago, 
and,  that  are  now  carrying  50  per  cent,  more  load  than  they  were  designed 
to  carry.  It  is  a  well-known  fact  that  there  are  many  new  wooden  bridges 
now  in  use,  that  are  copies  of  those  which  they  replace.  The  effect  of  this 
is  that  while  our  engines  and  cars  have  been  greatly  improved,  the  road- 
bed is  deficient  and  behind  the  times. 

The  master  mechanics  tell  us  that  locomotives  are  now  sufficiently  per- 
fect for  a  speed  of  60  miles  per  hour,  but  the  road-bed  is  not  equal  to  it. 
We  will  not  question  the  perfection  of  the  locomotives,  at  least  not  at 
present,  for  we  know  that  the  point  is  well  taken.  The  road-bed  is  not 
equal  to  a  speed  of  60  miles  per  hour. 

Lot  us  for  example  examine  the  effect  of  an  ordinary  load  moving  at 
an  ordinary  speed,  on  a  bridge  that  is  only  deficient  enough  to  deflect  a 
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little  more  tlian  the  camber  in  the  track.  An  engine  weighing  140,000 
pounds  moves  at  the  rate  of  64.4  feet  per  second  (equal  to  about  44  miles 
per  hour)  over  a  bridge  128.8  feet  long.  Let  us  assume  that  the  bridge 
deflects  0.166  feet,  or  2  inches. 

In  figure  I  let  -4  C  denote  the  length  of  the  bridge,  B  D  the  maximum 
deflection,  and  ex.  the  angle  BAD;  suppose  the  engine  to  move  along 
the  line  ADC,  moving  from  ^4  to  D  in  one  second.  Then  the  mechan- 
ical effect  on  the  bridge  may  be  expressed  by  the  formula 


E  =2  ~-W  sin. 
2g 


ex. 


in  which  v  equals  the  velocity,  and  PFthe  weight  of  the  engine.     Substi- 
tuting in  the  formula  the  above  quantities  we  have, 


Mechanical  effect  =  2 


(64.4)- 
2g 


140,000  X  .002588  =  46666  foot  pounds. 


Now,  of  course,  the  engine  will  not  move  along  the  line  ^  £)  C,  as  in 
figure  1,  but  will  take  a  line  more  like  figure  2,  or  possibly  like  figure  3. 


FIG 


F  i  G  .       o 


In  either  case  it  is  evident  that  the  mechanical  effect  will  be  equal  to 
or  greater  than  if  the  engine  took  the  line  as  in  figure  1.  An  examina- 
tion of  this  equation  will  show  E  to  be  directly  proportional  to  the  square 
of  the  velocity,  so  that  if  we  double  the  speed,  the  mechanical  effect 
will  be  multiplied  by  4,  etc. 

Also  E  is  directly  proportional  to  the  weight.  Also  that  E  varies 
directly  as  the  sine  of  «;  but  sine  a  is  inversely  proportional  to  the 
length  of  the  bridge,  so  the  mechanical  effect  is  inverse!}'  as  the  length 
of  the  bridge. 

We  might  also  note  that  E  varies  directly  as  the  deflection. 

In  order  to  appreciate  this  mechanical  effect  we  might  observe  that 
46,666  foot-pounds  is  equivalent  to  a  weight  of  140,000  pounds  falling  4 
nches,  or  to  a  weight  of  one  ton  falling  23  feet,  or  to  ten  tons  falling  2.3 
feet,  etc. 

If  the  bridge  deflected  only  one  inch  we  should  then  have  a  mechan- 
ical effect  equivalent  to  140,000  pounds  falling  2  inches,  or  five  tons  fall- 
ing 2.3  feet,  etc. 

Of  course,  we  must  note  that  this  mechanical  effect  is  not  concen- 
trated on  any  one  point,  neither  is  it  uniformly  distributed. 

Now  if  we  consider  that  the  speed  of  trains  has  increased,  in  ten  years, 
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from  3")  miles  per  hour  f.o  49i,  from  30  to  42.4  and  from  15  to  31.2  ;  then 
tlie  meclianical  effect  on  any  bridge,  of  any  deflection,  or  on  any  bridge 
iiaving  eitiier  too  much  or  too  httle  camber,  is  now  double  what  it  was 
10  ye;ua  ap^o.  since  the  squares  of  the  above  speeds  are  as  1  to  2.  If  we 
also  consider,  in  addition  to  the  above,  that  the  moving  loads  have  been 
increased  50  per  cent.,  then  the  mechanical  effect  has  been  multiplied  by 
three. 

We  think  it  may  very  properly  be  asked,  what  static  load  would  pro- 
duce the  same  strains  on  the  members  of  the  bridge  as  the  strains  due  to 
this  mechanical  effect :  for  are  not  all  our  calculations  on  bridge  strains 
in  vertical  trusses  based  upon  static  loads?  On  this  point  writers  on 
mechanics  are  silent,  or  they  tell  us  that  the  pressure  between  a  pile 
driver  and  a  inle  cannot  be  calculated.  This  is,  however,  a  different  case, 
and  suggests  a  field  for  experiment  and  investigation. 

As  the  result  of  a  long  series  of  deflections  applied  to  an  experimental 
plate  girder  of  20  feet  span,  Mr.  Fairbairn  concludes  that  a  bridge  sub- 
ject to  100  deflections  per  day,  each  equal  to  one-third  of  its  extraneous 
breaking  load,  would  probably  break  down  in  about  eight  years  ;  while 
with  100  daily  deflections,  equal  to  that  arising  from  but  one-fourth  of  its 
breaking  load,  it  would  last  fully  300  years.  But  Mr.  Fairbairn's  experi- 
ments are  so  foreign  to  the  case  in  hand  that  they  throw  but  little  light 
upon  the  problem.  There  is,  in  addition  to  the  mechanical  effect  pro- 
duced by  the  load,  a  mechanical  effect  due  to  the  motion  of  the  structure 
itself  ;  but  this  effect  is  most  powerful  when  we  consider  the  rapid  vibra- 
tions, which  are  generally  small.  We  wish  to  say  that  we  do  not  believe 
in  the  violin  bridge  tradition,  unless  the  player  were  taking  his  first 
lessons  ;  in  that  case  we  have  nothing  to  say. 

We  think  it  is  generally  conceded  that  the  permanent  way  on  most  of 
our  roads  is  sadly  deficient,  or  else  we  are  running  too  heavy  rolling 
stock.  Every  year  we  see  heavier  engines  and  cars  of  greater  capacity 
rolled  out  upon  a  track  that  did  not  know  they  were  coming.  We  think 
it  is  time  for  builders  and  maintainers  of  permanent  way  to  bring  their 
work  up  to  the  standard  of  the  rolling  stock.  There  are  roads,  as,  for 
example,  the  N.  Y.,  P.  &  O.,  where  every  Howe  truss  has  been  either 
reenforced  or  taken  down  and  replaced  by  iron  within  the  past  six  jears. 
There  will  be  a  railroad,  and  that,  too,  in  a  few  years,  on  which  the 
substructures,  as  well  as  the  rails  and  ties,  will  exceed  in  strength,  stiff- 
ness and  stability  any  railroad  ever  built,  and  on  it  ships  weii;hing  G,000 
tons  will  travel  from  ocean  to  ocean. 
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By  H.  F.  Walling,  Member  of  the  Boston  Society  of  Civil  Engineers. 
[Read  Febiniary  17,  188G.] 
The  initiation  of  cooperative  State  surveys  in  this  country  having 
maugurated  a  new  departure  in  topography,  a  complete  history  of  previous 
efiforts  in  this  work  throughout  the  country  would  have  a  special  interest 
at  this  time.  Not  having  the  requisite  data,  however,  I  can  only  speak  of 
them  in  a  brief  and  imperfect  way. 


164  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Up  to  about  1850,  such  maps  of  the  older  States  as  had  been  published 
were  nearl}^  all  made  at  the  cost  of  the  respective  State  governments,  or 
were  liberally  patronized  by  them.  This  was  the  case  in  New  York, 
Peunsj'lvauia,  Maryland,  Virginia,  Georgia,  Alabama  and  Mississippi. 
The  maps  of  these  States  were  in  general  compilations  from  the  plans  of 
original  land  surveys.  In  1844,  Massachusetts  caused  to  be  published  an 
exce^jtionally  good  map  of  the  State,  from  special  surveys  made  at  the 
cost  of  the  State  and  of  the  several  towns.  The  geodetic  basis  of  this  map 
was  the  triangulation  of  Mr.  Simeon  Borden,  and,  as  you  are  aware,  it  was 
a  very  well  executed  work.  The  details  of  topography,  however,  were 
worked  out  by  the  local  town  surveyors,  whose  methods,  as  might  be 
supposed,  were  incongruous  and  generally  defective,  producing  results 
which  fell  very  far  short  of  the  precision  which  accompanied  Mr.  Bor- 
den's work.  In  spite  of  this  imperfection,  however,  the  map  as  then 
published  far  excelled  any  other  State  map  in  general  accuracy  and  com- 
pleteness of  detail,  nor  does  it  suffer,  considering  the  difference 
of  scale,  in  comparison  with  the  original  Ordnance  map  of  England. 
From  the  year  1850  up  to  the  commencement  of  the  civil  war  in  1861, 
and  for  some  ten  or  twelve  years  after  the  close  of  the  war,  the  demand 
for  maps  giving  more  local  details  than  had  been  shown  upon  previous 
maps  became  sufficient  to  induce  surveyors  to  engage  in  their  pub- 
lication, a  portion  of  the  expense  being  in  some  cases  defrayed  by  State 
county  or  municipal  appropriations.  Maps  of  towns  and  counties,  after- 
ward compiled  into  State  maps,  were  made  in  this  way.  almost  entirely 
from  original  survej^s,  in  all  of  the  New  England  States,  New  York, 
Pennsylvania,  Ohio  and  Maryland.  Large  maps  of  some  of  the  States 
west  of  Ohio  were  also  published  from  time  to  time.  Since  the  con- 
struction of  these  Western  maps  consisted  principally  in  compilation 
from  the  United  States  Land  Survey  plans,  the  labor  in  preparing  them 
was  much  less  than  in  the  Eastern  States. 

Commercial  Maps. — Maps  made  with  no  means  of  defraying  the  cost 
other  than  from  proceeds  of  sales  have  been  styled  "  commercial  maps," 
in  distinction  from  maps  produced  at  the  cost  of  Government,  the  sur- 
veys for  which  are  sometimes  called  "  scientific  surveys;"  but  I  think  the 
propriety  of  tlie  designation  is,  in  some  cases,  questionable.  A  survey 
may  present  the  general  features  of  the  country  with  a  considerable 
degree  of  accuracy,  but  if  the  details  are  eiToneously  represented  in  impor- 
tant respects,  it  is  manifestly  an  incongruity  to  denominate  such  work 
a  scientific  survey.  A  comparison  of  some  of  the  Government  surveys 
of  Western  territorial  regions,  where  two  independent  surveys  overlap 
eacli  other,  proves  by  their  discrepancies  the  inaccuracy  of  one  or  both 
the  surveys.  On  the  other  hand,  comparisons  of  some  of  the  commer- 
cial maps  with  subsequently  published  Government  maps,  shows  close 
correspondence,  and  as  there  is  no  reason  to  suppose  that  the  latter  are 
copied  from  the  former,  it  follows  that  even  a  comaiercial  map  may  be 
worthy  of  credit  so  far  as  it  goes. 

It  should  be  observed  that  until  quite  recently  all  of  the  maps  hereto- 
fore published  in  this  country,  whether  by  the  Government  or  by  indi- 
viduals, with  a  very  few  exceptions,  are  destitute  of  accurate  hypsometric 
information.     The  more  notable  exceptions  are  the  topographic  work  of 
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the  United  States  Coast  and  Geodetic  Survey,  of  the  United  States  Geo- 
logical Survey,  principally  in  the  Western  territories,  of  some  mining 
enjj:ineers  who  have  made  admirable  maps  showing  portions  of  the 
anthracite  coal  fields  of  Pennsylvania,  and  of  the  Second  Geological 
Survey  of  Pennsylvania  in  special  maps  of  limited  areas  in  that  State. 

The  wholesale  condemnation  which  certain  scientific  critics  have 
from  time  to  time  bestowed  u])on  cummerical  maps,  as  such,  not  dis- 
criminating between  those  which  have  been  carefully  made  from 
original  work  and  other  more  compilations  from  Government  explora- 
tions, etc.,  which  perpetuate  from  year  to  year  the  original  errors  of 
their  sourcesof  information,  indicates  an  unjustifiable  lack  of  knowledge 
on  the  part  of  the  critic,  of  the  amount  of  original  and  really  valuable 
information  which  some  of  these  commercial  maps  embody.  They  have 
rendered  valuable  service  to  railroad  and  hydraulic  engineers,  to  county 
and  town  officers,  and  even  to  geologists  and  other  naturalists  and 
scientific  investigators.  Besides  these,  many  intelligent  citizens,  realizing 
the  value  of  tlie  maps  for  their  own  more  private  uses,  have,  by  bestow- 
ing their  patronage  upon  tlie  surveyors,  enabled  them  to  publish  these 
maps.  If  competent  experts  found  on  examination  that  these  maps 
were  erroneous  and  unworthy  of  credit,  it  would  be  their  duty,  in  behalf 
of  the  public,  to  expose  their  unworthness  by  pointing  out  the  inaccuracies, 
etc.  But  it  is  hardly  justifiable  to  condemn  them  en  masse  merely  on 
account  of  their  self-sustaining  origin  or  because  the  mechanical  execu- 
tion was  not  upon  so  expensive  a  scale  as  might  have  been  possible 
under  more  favorable  conditions.  My  apology  for  bringing  this  some- 
what unprofessional  subject  before  the  Society  is  a  feeling  that  injustice 
has  been  done  to  a  number  of  local  map  makers  in  the  New  England  and 
Middle  States,  vvho  at  their  own  cost  and  risk,  during  the  last  thirty-five 
years,  have  materially  added  to  the  previous  knowledge  of  local  topog- 
raphy, so  far,  at  least,  as  it  pertains  to  horizontal  relations. 

County  Maps  of  Massachusetts. — I  now  beg  your  further  indulgence 
for  a  brief  account  of  some  of  the  methods  employed  in  my  own 
work  in  Massachusetts  some  thirty  years  ago.  This  is  done  princi- 
pally for  the  purpose  of  showing  what  can  be  accomplished  at  a  com- 
paratively small  cost.  It  is  not  cited  as  an  example  to  be  followed,  but 
rather  as  one  whose  faults  and  shortcomings  are  to  be  avoided  when  the 
means  of  carrying  on  the  work  in  a  better  manner  are  available. 

Having  previously  made  surveys  and  maps  of  a  number  of  towns  and 
cities  in  the  State,  which  were  generally  paid  for  by  municipal  appro- 
priations, I  undertook  in  1854  the  construction  of  a  separate  map  of  each 
county  in  the  State,  excepting  the  small  connties  of  Suffolk,  Dukes  and 
Nantucket,  which  were  included  on  sheets  containing  larger  adjacent 
counties.  The  materials  then  in  existence  for  such  a  set  of  maps  included, 
first,  the  excellent  triangulation  made  by  Mr.  Borden  some  fifteen  years 
before,  which  had  been  used  as  the  basis  of  the  official  map  above  men- 
tioned ;  second,  the  town  surveys  ordered  by  the  Legislature  and  made 
in  1830  and  1831,  from  which  Mr.  Borden  compiled  the  details  of  his 
map  ;  and  third,  more  recent  town  and  city  maps,  including  those  made 
by  myself,  already  mentioned.  The  latter  material  was  to  be  used,  so  far 
as  it  went,  but  it  constituted  a  very  small  portion  of  what  was  required. 
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The  old  town  maps,  although  drawn  to  a  scale  two  or  three  ilmeo  as  large 
was  proposed  for  the  new  county  maps,  were,  in  many  respects,  too 
inaccurate  for  use.  A  new  survey  was  accordingly  undertaken  of  all 
the  public  highways  in  the  State.  A  careful  estimate  of  the  possibilities 
of  remuneration  limited  the  cost  of  the  survey,  including  field  and  office 
work,  to  about  one  dollar  and  a  half  per  square  mile  ;  and,  ultimately, 
this  was  about  the  average  cost.  Hypsometry,  as  a  feature  of  topo- 
graphic maps,  was  at  that  time  only  undertaken  in  a  few  European 
Government  surveys,  made  at  great  expense  ;  and  while  I  fully  recog- 
nized its  value,  it  was,  of  course,  excluded  unless  the  cost  could  be 
defrayed  at  public  expense.* 

The  scope  of  the  work  I  had  undertaken  included  the  representation 
of  roads,  railroads,  streams,  ponds,  marshes,  the  sea-coast,  with  its  capes, 
bays,  inlets  and  islands,  and  of  important  buildings,  includmg  dwellings, 
churches,  school-houses,  mills,  manufactories,  stores,  etc.  Some  hachure 
sketches  of  prominent  hills,  in  accordance  with  the  imperfect  fash- 
ion of  the  time,  indicated  the  existence  of  slopes,  more  or  less  steep,  and 
served  to  show  where  high  ground  or  rough  country  was  to  be  found, 
but  gave  no  definite  information  in  regard  to  actual  heights  or  the  true 
forms  of  relief.  Fortunately,  the  entire  coast-line  of  the  State  was 
shown  on  the  published  or  manuscript  maps  of  the  United  States  Coast 
Survey,  together  with  a  narrow  strip  of  the  adjacent  land.  So  far  as  it 
went,  this  data  was  all  that  could  be  desired.  The  town  maps  furnished 
to  the  State  archives,  according  to  law,  in  1831,  in  advance  of  Mr.  Bor- 
den's triangulation,  gave  representations  of  town  boundaries,  roads, 
streams  and  ponds.  These  representations  were  fairly  correct  in  the 
groupings  of  the  various  features  in  regard  to  the  relative  positions  of 
objects  when  referred  to  those  immediately  adjacent,  but  owing  to  the 
imperfect  methods  of  surveying  and  want  of  skill  in  platting  or  graphic 
representation,  the  map  of  a  town,  as  a  whole,  was  frequently  more  or 
less  distorted  and  deformed.  This  was  readily  detected  by  the  discord- 
ance between  maps  of  adjacent  towns  along  common  boundaries  and 
the  impossibilitj'  of  fitting  a  number  of  maps  together  into  a  larger  con- 
tinuous map.  Since  these  maps,  however,  were  made  by  local  survey- 
ors, whose  knowledge  of  the  genei*al  relative  positions  of  roads,  streams, 
water  surfaces,  etc.,  would  be  likely,  from  the  nature  of  their  occupa- 
tion, to  be  as  thorough  as  that  of  any  class  of  people,  and,  in  the  main,^ 

*  Before)  undertaking  the  work  as  a  pi  ivate  enterprise,  I  had  attempted  to  procure 
State  legislative  action  iu  its  behalf,  and  the  subject  was  referred  by  the  General  Court 
to  their  Committee  oa  Education.  Professor  Arnold  Guy ot,  then  a  resident  of  Cam- 
bridge, and  Mr.  Simeon  Borden  kindly  interested  themselves  in  the  project  which  I  pre- 
sented ,  and  urged  upon  the  committee  tlie  acceptance  of  my  proposal  to  make  a  hypso- 
metric survey  by  tachiometric  methods — that  is,  by  the  use  of  graphic  triangulation 
stadia,  vertical  angles,  etc.,  in  connection  with  traverses  of  the  roads,  at  a  cost  of 
$25,000.  These  tachiometric  methods  had  then  recently  been  introduced  in  Europe  by 
M.  Porro,  a  noted  Italian  topographer.  The  committee  reported  a  resolve  authorizing 
the  survey  as  proposed  (see  House  Doc.  170,  Mass.  Leg.,  1854),  and  it  had  many  friends 
in  the  Legislature;  but  the  party  in  power  had  not  the  courage  to  risk  being  charged 
with  extravagance  bv  their  opponents,  and  the  subject  was,  by  a  small  majority,  referred 
to  the  next  Legislature,  where  another  resolve  was  reported  favoring  the  work,  which 
was  again  referred,  however,  to  the  succeeding  Legislature  (see  Hou^e  Doc.  294,  Mass. 
Leg.,  1855). 
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correct.  I  made  use  of  them  to  some  extent  for  drainage  representation, 
etc..  under  a  careful  system  of  cliecks,  to  be  hereafter  described. 

Having  for  tlie  basis  of  the  proposed  county  maps  the  Coast  Survey 
and  Mr.  Borden's  triangulations,  the  plan  was  adopted  of  traversing  all 
tlic  public  highways  l)y  course  and  distance,  using  the  ordinary  surveyor's 
compass  for  directions,  and  the  revolutions  of  a  wheel  for  distances.  T 
wish  to  say  a  few  words  here  in  regard  to  the  comparative  usefulness  of 
a  wheel  for  measuring  distances  along  roads.  Though  lees  accurate 
than  a  chain  in  the  hands  of  skillful  chainmen,  it  has  the  merit  of 
economy,  since  one  person  witli  a  compass  and  odometer  can  do  the 
work  of  a  party  of  three  with  a  compass  and  chain.  Then,  the 
inaccuracies  due  to  the  inequalities  of  the  surface  are  mucli  less  on 
common  roads  than,  in  the  absence  of  tests,  would  be  supposi  d.  In 
fact,  on  the  ordmary  roads  of  Massachussetts,  which  usually  change  their 
directions  in  sJiort  distances,  the  error  from  this  cause  becomes  inap- 
preciable in  ])latting  to  a  scale  not  larger  than  ^uotsttj  except  in  long, 
straight  stretches  of  hilly  road.  Moreover,  there  is  little  or  no  liability 
to  an  accumulation  of  errors  of  coimting  or  reading,  as  with  the  chain  or 
stadia.  For  example,  if  an  error  were  made  in  reading  the  dial  of  the 
odometer,  which  usually  registers  from  zero  to  1.000  revolutions  of  the 
wheel,  the  error  would  not  accumulate,  but  would  be  taken  from  one 
adjacent  course  and  added  to  the  other,  so  that  if  the  change  in  direc- 
tion was  not  great,  the  resulting  error  would  be  slight.  In 
fact,  where  readings  are  frequently  made  in  noting  features  of 
local  topography,  buildings,  stream  crossings,  etc.,  an  error  of  reading 
is  often  detected  by  its  incongruity  with  adjacent  readings.  In  stadia 
measurements,  the  distances  must  be  reduced  to  horizontality,  and  in 
ascending  or  descending,  unless  the  rod  is  held  perpendicular  to  the 
slope,  another  correction  becomes  necessary,  if  absolute  precision  is 
required.  But  for  traversing  across  fields,  meandering  streams,  etc.,  the 
wheel  is  unavailable,  and,  for  topographic  work,  stadia  measurements 
seem  preferable  to  any  known  method  for  rapidity  and  convenience.  By 
the  system  of  traverses  adopted,  all  the  highways  were  surveyed  and 
platted  continuously  in  a  network.  Each  closed  circuit  of  jthis  network 
not  only  checked  itself,  but  served  to  check  adjacent  circuits.  Usually 
the  errors  of  closure  did  not  exceed  one  or  two  per  cent,  of  the  distance 
traversed.  An  abnormally  large  gap  in  the  closure  of  a  circuit  was 
checked  by  the  closures  of  adjacent  circuits  until  its  approximate  locality 
was  establislied  between  two  adjacent  road  junctions,  where,  by  care- 
fully studying  the  notes,  comparing  the  sketched  with  the  platted  angles, 
the  error  was,  in  most  cases,  detected,  being  found  due  to  some  obviously 
en-oneous  reading  of  the  compass  or  odometer  ;  and  finally  the  few  unde- 
tected errors,  when  sufficiently  important,  were  corrected  by  a  resurvey 
of  the  defective  portion.  Upon  the  final  adjustment  of  the  network  of 
roads,  the  other  details  of  topography,  namely,  the  dwellings,  streams, 
etc..  were  supplemented.  The  field  notes  were  first  platted  upon  a  scale 
of  ^ffj,,,,.  that  of  the  published  maps  varying  from  jr,l(ijj  to  TralinT' 

In  order  to  reduce  the  work  to  a  geodetic  basis,  and,  as  far  as  possible, 
to  eliminate  errors  ari-ing  from  inaccuracy  of  standard,  etc.,  the 
traverses  were  connected  witli  all  the  primary  and  secondary  s^^a'.'ons  of 
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the  trigonometric  surveys,  which  could  be  identified  upon  the  ground, 
and  these  stations  were  marked  upon  the  platted  network  of  roads. 
Parallels  and  meridians  were  then  interpolate!  between  the  stations  for 
eacii  minute  of  latitude  and  longitude,  giving  the  residual  seconds  their 
proper  value,  and  dividing  the  remaining  spaces  into  the  proper  number 
of  equal  parts.  A  true  yjrojectiou  in  minutes  being  made  on  the  publi- 
cation scale,  tlie  original  draft  was  reduced  into  its  proper  place,  square 
minute  by  square  minute.  The  ratio  of  reduction  from  the  orignal  draft 
to  the  publication  scale  agreed  very  closely,  showing  the  general  accuracy 
of  the  standard  and  of  the  graphic  work,  the  difference  being  hardly 
greater  than  might  have  been  caused  by  hygrometric  changes  in  the 
paper. 

This  brief  outline  of  methods  and  checks  used  in  the  construction  of 
county  maps  in  Massachusetts,  now  more  than  twenty-five  years  old,  will 
give  some  means  of  judging  whether  or  not  they  possessed  a  value  com- 
mensurate with  their  cost  in  the  more  exact  delineation  than  had  pre- 
viously been  made  of  horizontal  relations  between  the  objects  repre- 
sented. It  is  quite  evident,  however,  that  whatever  may  have  been  the 
character  or  usefulness  of  the  maps  then  made,  the  time  has  arrived 
when  better  methods  and  more  precise  results  are  required.  While  it  is 
by  no  means  necessary  or  advii-able  to  entirely  discard  the  method  of 
traversing  by  which  all  the  minute  sinuosities  of  roads,  streams,  etc.,  are 
rapidly  and  economically  ascertained,  this  method  should  be  made  sub- 
sidiaiy  to  the  more  exact  processes  of  triangulation,  which  should  be 
carried  much  further  into  detail  than  before. 

TRIANGULATION, 

It  is  quite  unnecessary  to  discuss  before  this  Society  the  superiority 
of  triangulation  over  traverse  measurements  as  a  means  of  determin- 
ing positions.  Starting  from  a  base  line  measured  with  the  refine- 
ments now  attainable,  the  large  theodolites  constructed  for  the  great 
geodetic  surveys  of  the  world  are  capable  of  mea-iuring  angles  to 
within  a  quarter  of  a  second,  a  degree  of  precision  which  renders  it 
possible,  as  is  claimed  for  the  geodetic  survey  of  British  India,  to  deter- 
mine the  ratios  between  the  sides  of  a  network  of  geodetic  triangles  to 
within  a  theoretic  error  limit  of  one  two-millionth  part  of  the  distance 
determined.  (Address  of  Gea.  J.  T.  Walker  to  the  Geographical  Section 
of  the  British  Association  for  the  Advancement  of  Science.  See  VanNos- 
trancVs  Engineering  Magazine,  January,  1886,  p.  71.)  In  the  geodetic 
work  of  the  United  States  Coast  Survey  for  the  Eastern  Atlantic  States 
the  error  limit  does  not  exceed  ^^i^VinT?  or  less  than  a  foot  in  fifty  miles. 
(U.  S.  Coast  Survey  Report  for  1865,  p.  195.)  For  secondary  triangula- 
tion— that  is,  the  cutting  up  of  the  larger  geodetic  triangles  into  smallf'r 
ones  for  use  in  topographic  work,  etc. — instruments  reading  to  10" 
or  even  20"  are  considered  sufiiciently  powerful,  and  with  them  a 
precision  which  would  limit  the  error  to  one  foot  in  five  or  ten  miles 
should  be  easily  attainable.  Such  instruments  are  not  difficult  to  trans- 
port, and  tliere  seems  to  be  no  advantage  in  the  use  of  smaller  instru- 
ments for  the  preliminary  triangulation  of  a  topographic  survey. 

Graphic  Triangulation. — Triangulation,  however,  in  a  well-conducted 
survey  by  no  means  ceases  with  the  instrumental  and  computed  work. 
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It  is  carriod  on  by  grapliic  processes  upon  a  plane  table  until  it  leadi'  s  a 
stage  where  the  triangles  are  sufficiently  small  to  allow  the  interpolation 
of  details  by  stadia  measurements,  pacing  or  even  eye  estimates 
and  sketches.  Stadia  measurements  must  be  regarded,  moreover,  as 
really  belonging  to  the  series  of  triaugulation  determinations  in  which 
tlie  triiiugles  are  quite  "  ill-conditioned,"  that  is,  the  known  base,  read 
off  from  the  rod,  is  very  small  compared  with  the  required  side,  or  tlie 
distance  between  the  reading  instrument  and  the  rod.  The  solution  of 
these  triangles  by  simple  inspection  sustains  a  relation  to  computation 
work  similar  to  that  of  the  slide  rule.  Such  measurements  can  only  be 
used  to  advantage  for  comparatively  short  distances,  one  thousand  feet 
being  about  the  maximuua  distance  fi-om  the  instrument  at  which  dis- 
tances can  be  read  with  suificient  precision. 

Eye  Estimates. — Eye  estimates,  even,  are  a  species  of  triangulation 
They  are  probably  made  by  an  unconscious  comparison  of  sensations 
which  accompany  an  adjustment  of  the  focal  length  of  the  crystalline 
lens  supplemented  by  a  stereoscopic  adjustment  of  the  optical  axes  of  the 
two  eyes. 

They  are  aided,  where  circumstances  will  permit,  by  comparisons  of 
spaces  occupied  upon  the  retina  by  the  images  of  fences,  buildings,  trees, 
animals  and  other  objects  of  known  size  at  different  distances.  Another 
aid  to  eye  estimates  is  found  in  '"aerial  perspective,"  as  it  is  termed 
by  artists,  or  a  certain  haziness  caused  by  minute  opaque  particles  in  the 
air.  tinging  objects  with  a  purplish  color,  gradually  changing  to  a  blue 
approaching  that  of  the  sky  as  the  distance  increases.  This  change  of 
color  and  tlie  gradual  loss  of  distinctness  and  merging  of  objects  into  each 
other  afford  a  rough  measure  of  relative  distances.* 

The  bases  of  tlie  triangles  in  the  cases  of  eye  adjustment  are,  first,  the 
diameter  of  the  crystalline  lens  at  its  opening,  and,  second,  where  the 
stereoscopic  ad  justment  is  made,  the  space  between  the  two  eyes.  It 
must  be  remembei-ed  that  there  is  no  cotemporaneous  scale  of  compari- 
son for  eye  estimates.  They  are  only  obtained  by  a  comparison  of  pres- 
ent sensations  with  former  experiences,  in  which  distances  were  esti- 
mated and  verified  by  reliable  measurements.  It  may  be  questioned, 
even,  whether  eye  adjustments  can  practically  be  made  in  absolute  con- 
formity to  the  distance,  and  whether  attempted  adjustments  are  not 
affected  hj  the  personal  condition  of  rest,  fatigue,  excitement,  etc.  It 
must  be  admitted,  however,  that  in  this,  as  in  other  uses  of  the  senses, 
continual  practice  will  be  likely  to  lead  to  a  remarkable  degree  of  skill. 
Some  of  the  topographers  of  the  Geological  Survey,  for  example,  have 
attained  an  eminent  degree  of  proficiency  in  eye  estimation,  and  are  able 
to  sketch  upon  their  field  sheets  the  topography  within  a  radius  of  sev- 
eral miles  around  each  station  occupied,  and  sketches  so  made  are  said 
to  fit  each  other  fairly  well  where  they  join  or  overlap.  Where  the  limit 
of  time  and  cost  renders  it  necessary  for  each  topographer  to  cover  some 
thousands  of  pcjuare  miles  in  a  season  with  a  sketch  map  of  previously 

*  In  the  discussion  which  followed  the  reading  of  the  paper,  Mr.  Fred.  Brooks 
remarked  that  the  distances  of  objects  seen  across  water  were  deceptive,  owing  to  the 
absence  of  objects  of  comparison,  and  that  an  unusual  clearness  of  the  air  in  moui.- 
tain  regions  caused  distant  objects  to  appear  nearer  than  Ibey  really  were. 
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unexplored  country,  which  shall  give  a  general  view  of  its  salient  feat- 
ures until  a  more  careful  survey  is  available,  the  use  of  "  sketching  sta- 
tions "  and  eye  estimates  over  such  extended  areas  may  be  unavoidable, 
but  it  is  quite  evident  that  for  State  surveys  such  estimates  must  be 
limited  to  short  distances  and  for  the  location  of  comparatively  unim- 
portant objects. 

"When  at  length  the  triangulation  processes,  including  estimates  of  dis- 
tances, cease,  the  topographer  completes  his  work  by  sketching  in  from 
point  to  point  the  irregular  curves  which  express  the  contours  of  the 
surface.  Here  his  success  depends  upon  a  sense  of  form  and  proportion 
comiiartible  with  that  of  the  landscape  or  portrait  painter. 

Amount  of  Preliminanj  Insiritmeiital  Triangulation  deeded. — We 
are  now  confronted  with  the  question,  how  much  instrumental  and  com- 
puted triangulation  should  precede  the  final  graphic  or  plane  table  work 
in  the  survey  of  a  comparatively  well  settled  State,  like  the  New  England 
States,  New  York,  New  Jersey,  Pennsylvania,  etc.  ?  This  will  depend  in 
part  upon  the  scale  of  the  map  to  be  constructed,  since  the  scale  will 
govern  the  area  to  be  included  in  the  field  sheets,  which  may  conven- 
iently be  used.  It  is  considered  indispensable  that  each  plane  table  sheet 
shall  contain  at  least  three  precisely  determined  points,  laid  down  upon 
it  in  advance  of  its  use  in  the  field,  two  of  them  serving  for  a  base,  and 
the  tliird  for  verification.  These  three  points  should  be  spread  apart  in 
an  advantageous  manner,  be  intervisible  and  command  views  of  other  con- 
trolling points  coming  within  the  limits  of  the  sheet  and  suitable  for  occu- 
pation. While  in  skillful  hands  and  with  a  good  plane  table,  the  accuracy 
with  which  triangulation  may  be  performed  is  commensurate  with  the 
scale  of  the  work,  it  is  also  true  that  many  advantages  would  accrue  from 
having  numerous  well  chosen  points  located  upon  the  sheet  with  the  \)re- 
cisionof  numerical  computation,  since  it  is  evident  that  the  topographer 
could  then  proceed  with  certainty  and  dispatch  to  fill  in  the  spaces  be- 
tween the  smaller  triangles  thus  formed;  but  the  cost  of  graphic  triangu- 
lation being  somewhat  less  than  that  of  the  computed  work,  the  question 
where  the  latter  shall  cease  and  the  graphic  work  commence  becomes 
one  of  relative  value  and  cost.  The  cost  of  the  field  work  for  determin- 
ing stations  more  than  two  or  three  miles  apart  is  not  greatly  different  in 
the  two  methods,  but  the  additional  cost  of  computation  swells  the 
expense  of  the  instrumental  method.  Some  of  the  principal  officers  of 
the  United  States  Coast  and  Geodetic  Survey  hold  to  the  opinion  that  at 
least  one  computed  position  should  be  given  in  every  square  mile  of  area 
for  the  best  results  in  plane  table  work.  Other  skillful  topographers  are 
satisfied  with  stations  three  or  four  miles  distant  from  each  other.  If,  as 
in  Maspachusetts,  the  monuments  marking  angles  in  state,  county  and 
town  boundaries  are  to  be  determined  by  computed  triangulation,  these 
deteiminations,  with  the  auxiliary  stations  needed  to  reach  them,  will 
furnish  points  averaging  less  than  three  miles  between  adjacent  stations 
and  will  constitute  a  sufficient  amount  of  secondary  triangulation  to 
precede  plane  table  work  and  enable  the  topographer  to  carry  it  on  with 
rapidity  and  precision. 

Utility  of  a  TrianguJation  Basis  iu  Civil  Engineering.— Mr.  Borden,  in 
making  his  careful  triangulation  of  Mafsachusetts,  considered  that  one 
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i)f  its  most  valiuiblt'  uses  would  be  to  serve  as  a  Ijasis  for  the  work  of 
civil  engineers  and  land  surveyors,  who  would  thereby  attain  a  high 
degree  of  precision  in  extended  surveys,  as  well  as  a  means  of  connecting 
independent  surveys  together  with  almost  absolute  certainty.  Accord- 
ingly, ft)r  the  use  of  survej'ors,  etc.,  he  not  only  computed  the  geodetic 
cotu-diniites,  or  latitudes  and  longitudes,  but  gave  rectangular  coordi- 
nates from  convenient  reference  points.  It  is  obvious  tlr<  t  these  data  are 
more  simple  and  better  adapted  for  the  use  of  civil  engineers,  while  over 
limited  areas  their  precision  is  not  sensibly  impaired  by  the  curvature  of 
the  earth's  surface.  But  his  primary  stations  were  too  far  apart  to  be 
conveniently  used  in  this  way,  and  the  time  had  not  arrived  when  the 
advantage  of  coordinate  determinations  would  be  sufficiently  appreciated 
by  civil  engin<-ers  who  had  been  brought  up  in  less  reliable  methods. 
There  were  a  few  exceptions,  however,  including  ex-President  Doane  of 
this  Society,  and  some  of  his  pupils,  who  systematically  referred  their 
surveys  to  the  coordinate  axis  used  bj'  Borden  in  this  vicinity,  namely, 
the  meridian  of  the  State-House  dome  and  a  line  at  right  angles  to  it. 
Some  of  the  extended  maps  of  surveys  for  the  water  supply  of  Boston 
are  similarly  referred.  At  the  present  time  many  town  and  city  engi- 
neers, including  several  members  of  this  Society,  have  expressed  their 
intention  to  connect  their  work  in  a  general  coordination  as  soon  as  the 
secondary  triangulation,  which  is  expected  as  a  preliminary  to  the  pres- 
ent topographical  survey  of  the  State,  shall  bring  stations  wirliin  their 
convenient  reach. 

Under  prevalent  methods  of  surveying,  great  uncertainty  often  arises 
in  attempting  to  re-locate  lines  where  monuments  have  been  lost  or  dis- 
placed ;  but.  if  carefully  connected  with  an  extended  triangulation,  the 
uncertainty  disappears,  and  the  work  is  eflfectually  removed  from  the 
arena  of  dispute  and  litigation  by  the  certainty  with  which  the  control- 
ling positions  may  be  restored  from  the  triangulation  stations.  In  those 
cities  and  towns  where  cadastral  surveys  are  to  be  undertaken,  the 
advantage  of  such  a  basis  for  the  work  is  obvious.  In  fact,  a  continuous 
survey,  for  any  purpose,  extending  over  a  considerable  area,  can  best  be 
rendered  consistent  with  itself  and  its  surroundings  by  basing  it  upon  an 
extended  triangulation,  and  bringing  it  into  a  general  system  of  coor- 
dinates. 

There  is  another  consideration  whicli  should  not  be  overlooked  in  dis- 
cussing the  amount  of  jjreliminary  triangulation  needed  in  State  surveys. 
In  many  populous  districts  the  questions  of  water  supply  and  sewerage 
are  pressing  with  great  force  upon  public  attention.  Surveys  are  likely 
to  be  needed  for  the  investigations  called  for,  involving  a  higher  degree 
of  precision  than  the  limit  of  cost  fixed  for  the  State  survey  would 
cover.  A  true  economy  would  seem  to  require  that  as  much  as  possible 
of  the  work  done  should  be  available  for  such  future  exigencies.  An 
exact  instrumental  triangulation  would  cost;  but  little  more  tham  imper- 
fect graphic  work,  whose  occupied  stations  would  be  unavailable  for 
any  subsequent  surveys,  while  the  computed  positions  would  serve  as 
reliable  reference  points  for  all  future  work. 

On  the  whole  it  would  seem  that  a  wise  view  was  taken  of  the  proper 
functions  of  the  General  Government  when  authoritv  was  given   to   the 
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Coast  and  Geodetic  Survey  by  Cougress  to  furnish  State  governments 
with  secondary  triangulation  brought  to  a  sufficient  degree  of  minuteness 
to  meet  the  i-equh-ements  of  topographic  work.  With  adequate  ap- 
propriations to  sustain  tlie  autliority  thus  given,  there  ought  to  be  no  diffi- 
culty in  solving  the  question  as  to  where  secondary  triangulation  should 
end  and  graphic  work  commence.  A  proper  coordination  between  the 
geodosists  and  the  topographers  in  this  respect  would  diminish  the  labor 
and  cost  of  topography  wliile  augmenting  the  precision  of  its  results. 

Subsidiary  Traverse  Work. — A  skillful  topographer,  accustomed  to 
the  constant  use  of  the  plane  table,  will  not  readily  admit  the 
need  of  subsidiary  work  in  which  field  notes  and  subsequent  plat- 
ting are  required.  Upon  scales  as  large  as  xw^wo  or  js^^t,  the 
topography  may  all  be  drawn  directly  upon  the  plane  table.  Where 
streams  and  roads  in  wooded  regions  are  to  be  shown,  with  all 
their  sinuosities,  traversing  is  resorted  to,  care  being  taken  to  connect 
the  traverse  lines  as  frequently  as  possible  with  the  triangulation  points. 
By  orienting  the  plane  table  at  each  angle  and  measuring  distances  with 
the  chain  or  stadium  rod,  traverses  may  be  made  without  resorting  to 
field  notes.  When,  however,  the  scale  is  diminished  to  -^-^^^s  or  smaller^ 
and  a  more  rapid  progress  over  a  given  area  undertaken,  a  considerable 
saving  of  time  is  effected  by  resorting  to  extra  field  notes  for  roads  and 
streams,  using  a  light  instrument  for  angle  measurements.  The  field 
notes  might  be  dispensed  with,  perhaps,  by  using  a  light  and  portable  sup- 
plementary plane  table  having,  however,  sufficient  stability  to  permit  a 
few  observations  at  each  point  occupied  without  disturbing  the  orienta- 
tion, which  might  be  maintained  by  using  a  declinometer  or  magnetic 
needle.  In  this  way  all  objecis  visible  from  the  line  of  traverse  could 
be  rapidly  laid  down  and  the  drawing  compared  on  the  ground  with  the 
objects  represented,  an  advantage  over  platting  from  notes  that  topog- 
raphers will  appreciate.  The  light  plane  tables  used  for  mountain  work 
by  some  of  the  topographers  of  the  United  States  Geological  Survey  seem 
adequate  for  this  subsidiary  traversing,  which  might  be  carried  on  by 
the  younger  members  of  a  party.  They  will  usually  find  more  satisfac- 
tion in  adopting  a  larger  scale  than  that  of  the  large  plane  table  sheet,  to 
whicli  their  work  can  easily  be  reduced  by  proportional  divides  when 
ready  for  transfer. 

HYPSOMETRY. 

Besides  attaining  a  general  coordination  of  results  in  two  dimensions 
with  a  greater  degree  of  accuracy  than  most  commercial  maps,  constiuct- 
ed  from  traverse  surveys,  exhibit  in  the  horizontal  representation  of 
surfaces,  government  surveys  are  now  expected  to  take  the  third  dimen- 
sion into  account  by  presenting  vertical  relations.  These  are  best  ex- 
pressed upon  the  maps  by  a  series  of  lines  corresponding  to  the  intersec- 
tions of  certain  imaginary  level  surfaces-with  the  surface  of  the  country 
represented.  The  first  or  lowest  of  these  surfaces,  as  adopted  by  the 
United  State  Coast  and  Geodetic  Survey  and  the  United  States  Geological 
Survey  is  that  of  the  ocean  supposed  to  be  at  rest  in  the  absence  of 
tidal  influence.  The  intersection  of  the  mean  sea  level  with  the  land 
surface  corresponds  to  the  coast  line  at  mean  half  tide.  Imagine  the 
ocean    to    be   raised    twenty    feet    higher,   still  undisturbed   by  tides. 
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luul  draw  the  new  coast  line  upon  tiie  map.  Let  the  ocean 
be  again  and  again  raised,  each  time  twenty  feet  higher  than 
the  last.  The  successive  coast  lines  thus  formed  and  drawn  upon 
the  map  would  represent  lines  having  the  same  lieight  thi-oughout, 
to  which  the  name  "  contour  lines"  has  been  applied  in  hyi)sometry.  An 
objection  to  this  name  is  that  it  does  not  convey  the  idea  of  equal  height, 
and  might  be  applied  with  equal  propriety  to  other  than  horizontal  out- 
lines, for  example,  to  a  vertical  profile,  or  to  the  outcrop  of  an  inclined 
sti^ata,  etc.  fV  word  given  in  Greek  lexicons,  naiiiely,  isohupes 
{/uovil'f}'),  a  compound  word  signifying  equally  high,  would  more  nearly 
express  the  meaning  intended.  Other  intervals  between  the  successive 
isoiiupes  might  be  adopted  to  suit  the  circumstances  of  scale,  steepness 
of  slopes,  etc.  The  topographers  of  the  United  States  Geological  Sur%'ey 
show  isohupes  upon  their  teiTitorial  maps  with  differences  of  level  from 
one  hundred  to  two  hundred  and  fifty  feet.  Upon  their  surveys  of 
Mtissachusetts  and  New  Jersej'  the  interval  is  twenty  feet,  and  the  same 
interval  prevails  in  the  topographic  work  of  the  United  States  Coast  and 
Geodetic  Survey. 

Leveling. — The  most  accurate  known  method  of  ascertaining  diiler- 
ences  of  height  is  by  means  of  the  spirit  level,  but  to  carry  this  method 
into  all  the  details  of  a  State  survey  would  be  far  too  laborious  and 
expensive,  especially  where  the  changes  of  level  are  frequent  and  consid- 
able  in  amount.  Its  use  may  generally  be  limited  to  the  running  of  a 
series  of  check  lines  across  the  surveyed  area,  and  establishing  thereby  a 
system  of  bench  marks  to  which  levels  determined  in  other  ways  may 
be  referred. 

Bench  Marks  and  Reference  Levels. — As  in  determining  the  horizontal 
relations  of  objects,  a  preliminary  triangulation  is  necessary  to  fix  a  con- 
venient number  of  reference  points,  so  in  a  hypsometric  survey,  equal  or 
greater  care  should  be  exercised  to  provide  in  advance  reliable  bencli 
marks  to  which  the  heights  of  objects  may  be  confidently  referred.  A 
failure  to  do  this  will  sooner  or  later  involve  the  work  in  confusion.  In 
geodetic  operations  it  is  usual  to  determine  the  relative  heights  of  all  the 
triangulation  stations,  by  measuring  vertical  angles  or  zenith  distances 
from  one  to  another.  A  fair  degree  of  precision  is  attainable  in  this  way, 
the  most  important  vitiating  factor  being  the  unequal  refraction  of  the 
visual  ray  while  passing  through  air  in  variable  degrees  of  density.  In 
Massachusetts  this  method  was  pursued  by  Mr.  Borden  as  well  as  by  the 
United  States  Coast  and  Geodetic  Survey,  with  nearly  coincident  results, 
where  the  stations  were  identical. 

Precision  in  Hypsometry. — The  practical  uses  to  which  hypsometric 
information  is  applied  require  even  greater  precision  in  height  determina- 
tion than  in  the  horizontal  relations  of  topography.  An  error  in  the 
designated  height  of  a  stream  at  any  particular  point  would  be  more 
important  than  the  horizontal  displacement  of  the  point  to  a  consider- 
ably greater  extent.  Questions  of  water-power,  for  example,  would 
require  for  satisfactory  solution  a  pretty  exact  knowledge  of  the  amount 
of  fall  in  the  stream.  Indeed,  the  horizontal  displacements  of  incorrect 
isohupes  would,  in  general,  be  far  greater  in  amount  than  the  vertical 
errors  involved.     It  is  seldom  in  nature  that  slopes  are  found  so  steep  as 
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forty-five  degrees,  or  a  unit  of  base  to  one  of  height.  A  slope  with  a 
base  of  six  horizontal  to  one  vertical  on  a  road  would  be  considered 
steep.  Here  the  horizontal  displacement  would  be  six  times  the  vertical 
error,  and  this  ratio  increases  rapidly  as  the  slope  approaches  to  a  level. 
Hence,  the  necessity  appears  for  an  increased  precision  in  height  deter- 
minations where  the  surface  of  the  country  is  made  up  of  gentle  undu- 
lations. It  is  also  evident  that  the  instruments  used  for  determining 
differences  of  level  across  a  State  should  be  capable  of  a  high  degree  of 
precision.  Since  the  alidades  usually  accompanying  plane  tables  are 
supplied  with  vertical  circles  only  reliable  for  comparatively  short  dis- 
tances, the  necessity  for  frequent  well-determined  bench  marks  presents 
an  additional  reason  for  carrying  on  the  secondary  triangulation  with 
the  theodolite,  including  height  determination  by  vertical  angles  in 
advance  of  the  graphic  work,  as  far  as  the  expense  limit  will  permit. 

Engineering  works  already  constructed  in  the  older  States,  more  espe- 
cially the  railroads  and  canals,  were  usually  preceded  by  leveling  sur- 
veys, made  with  much  care.  From  these  surveys  profiles  showing  the 
inequalities  of  the  surface  were  drawn  with  the  heights  marked  in  feet 
above  some  reference  or  datum  level.  Upon  the  profile  of  a  railroad,  its 
gradients  and  the  amount  of  cutting  and  filling  along  the  line  were 
established.  On  the  completion  of  the  road  its  profile,  if  well  made, 
would  accordingly  show  the  exact  rate  and  amount  of  its  successive 
rises  and  falls,  and  the  absolute  height  of  any  point  above  the  datum 
level . 

The  simplicity  of  the  work,  and  the  obvious  necessity  for  a  reasonable 
degree  of  precision  to  avoid  ultimate  confusion,  would  seem  to  warrant 
the  expectation  that  railroad  profiles  might  be  used  to  great  advantage 
in  hypsometry.  But,  on  comparing  the  profile  of  intersecting  roads, 
many  discrepancies  are  found,  arising  partly  from  uncertainties  as  to 
the  datum  level  adopted,  and  partly  from  a  want  of  care  and  skill  in  the 
preliminary  work. 

Fortunately,  leveling  surveys  can  usually  be  carried  with  much  greater 
facility  along  the  roadbeds  of  railroads  already  constructed,  than  over 
the  uneven  original  surfaces.  Much  perplexing  uncertainty  would  be 
avoided,  and  the  work  of  a  topographic  survey  greatly  facilitated,  by 
the  comparatively  inexpensive  expedient  of  carrying  preliminary  lines  of 
level  across  the  State,  and  across  each  other  along  the  main  lines  of  con- 
structed railroads.  In  this  way  they  would  check  each  other,  and  afford 
the  means  of  correcting  and  adjusting  all  the  connecting  railroad  pro- 
files to  a  common  datum  level.  These  profiles  should  be  connected  with 
the  trigonometrically  determined  points  at  convenient  jjlaces,  in  order  to 
unite  all  the  datti  into  one  reliable  system  of  reference  heights. 

Where,  as  in  many  parts  of  New  England,  the  water  power  of  rivers 
is  fully  or  in  great  part  utilized,  preliminary  connections  should  be  made 
with  the  surfaces  of  mill  ponds  or  the  crests  of  dams  along  manufact- 
uring streams.  Here  the  owners  of  mills  have  generally  taken  measures 
to  ascertain  the  exact  relative  height  of  their  own  dams  and  of  those 
above  and  below  them,  the  value  of  their  water  privileges  depending 
upon  units  of  differences  of  level.  In  Massachusetts  accurate  profiles 
are  in  existence  of  such  rivers  as  the  Connecticut,  Merrimac,  Cliark s. 
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Siulbuiy,  Nashua,  Blackstone,  Housatonic  and  others.  Surveys  for  tlie 
water  supply  of  cities  and  towns  generally  include  carefully  executed 
levels  of  great  hypsometric  value  iu  tlie  regions  thus  investigated. 

Of  coux-se,  for  connecting  all  these  levels  with  the  mean  level  of  the 
sea,  access  must  be  had  to  the  sea  coast,  where,  to  obtain  the  mean  level, 
ob!!<ervations  are  needed  of  high  and  low  water.  For  great  precision  a 
long  series  of  observations  is  requisite.  Tliese,  however,  have  been  made, 
and  beuch  marks  established  in  many  of  the  ports  and  harbors  along  the 
coast,  by  the  United  States  Coast  and  Geodetic  Survey. 

Plane  Table  Hypsometry. — Having  the  preliminary  data  for  location 
and  heights  carefully  established,  the  topographer  is  prepared  to  take  the 
field  witli  his  table,  secure  from  the  confusion  which  would  attend  an 
inadeciuate  and  uncertain  determination  of  positions  and  heights.  The 
determination  of  lieights  in  plane  table  work  is  almost  entirely  by  means 
of  vertical  angles,  the  alidade  of  the  instrument  being  provided,  for 
tliat  ])urpose,  with  a  small  vertical  circle.  On  account  of  the  greater 
precision  required,  heights  are  not,  like  horizontal  determinations, 
obtained  graphically.  The  angles  are  instrumentally  measured,  and  the 
distances  being  scaled  from  the  map,  the  differences  of  level  are  com- 
puted or  taken  from  tables.  A  more  convenient  method  than  either 
might  be  found,  perhaiDS,  in  the  use  of  a  specially  designed  slide  rule. 
Without  going  into  the  details  of  plane  table  methods,  it  is  sufficient  to 
say  that  the  height  of  each  plane  table  station  having  been  determined, 
either  before  occupation,  if  located  by  intersection  from  other  stations, 
or  immediately  after,  if  located  by  resection  or  by  the  three  point 
method,  is  used  in  turn  to  fix  the  heights  of  all  points  deterniined 
more  or  less  directly  from  the  new  station.  If  the  preliminary  work 
has  been  properly  done,  and  the  topographer  is  skillful  in  select- 
ing his  points  of  occupation,  he  will  always  have  several  deter- 
mined points  in  view  from  which  he  can  find  with  certainty  both 
his  horizontal  position  and  its  height.  Spires,  cupolas,  gables,  chim- 
neys, flag-staff. •^,  remarkable  trees,  rocks,  etc.,  afford  good  reference 
points,  and  their  heights  at  the  top,  or  at  some  conspicuous  point  like 
a  weather  vane,  etc.,  having  been  determined,  they  also  form  good 
bench  marks.  As  fast  as  positions  are  located  upon  the  plane  table 
sheets,  their  heights  should  be  marked  and  the  adjacent  isohupes  inter- 
polated between  them.  This  should  invariably  be  done  in  the  field,  not 
left  for  future  office  work,  which  at  best  is  likely  to  fail  in  the  ci'itical 
jjlaces  where  the  characteristic  expressions  are  to  be  brought  out.  At- 
tempts to  make  character  sketches  by  conjectural  contours  of  indefinite 
height  are  sure  to  fail  if  not  based  upon  exact  truth.  True  isohupes, 
with  rare  exceptions,  are  themselves  the  best  character  delineators. 
Auxiliai-y  lines  with  smaller  intervals  may  be  interpolated  between  the 
isohupes  of  regular  intervals,  where  some  peculiarity  of  feature  would 
fail  to  be  otherwise  expressed,  and  a  skillful  topographer  sometimes 
takes  the  liberty  of  slightly  disijlacing  an  isohupe  from  its  theoretical 
l)osition  to  secure  an  expression  of  nature  which  the  true  isohupe  would 
fail  to  bring  out,  owing  to  a  certain  neutrality  due  to  its  arbitrary  height, 
somewhat  above  or  below  that  of  the  characteristic  feature. 

Comparative  Utility  of  the  Plane  Tcdile. — Enough  has  been  said,  per- 
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haps,  to  show  the  advantages  of  the  graphic  method  of  representing 
topographic  details  when  compared  with  the  use  of  field  notes  and 
oflBce  platting.  A  topographer  w  ho  has  become  familiar  with  the  use  of 
the  i)lane  table  cannot  easily  be  persuaded  to  adopt  other  methods  for  his 
special  work.  Even  under  unfavorable  circumstances,  for  example, 
where  the  geodetic  and  secondary  triangulation  points  are  widely  scat- 
tered, and  extensive  vistas  are  precluded  by  numerous  wooded  areas,  he 
will  carry  in  from  outside  bases  a  chain  of  graphic  triangulation,  extend- 
ing it  between  the  wooded  patches  until  he  finds  a  check  by  coming 
again  to  previously  determined  bases.  The  accuracy  of  such  work  is  far 
greater  than  can  be  expected  from  ti'aversing  between  the  widely  separ- 
ated, non-graphic  triangulation  stations,  especially  where  directions 
are  referred  only  to  the  magnetic  needle.  Of  coui'se,  well  exe- 
cuted previous  surveys  may  sometimes  be  incorporated  into  the 
work  with  advantage  ;  as,  for  examph?,  where  accurate  maps  of 
the  compact  portions  of  cities  and  populous  towns  are  found. 
These  can  usually  be  reduced  to  the  required  scale,  and  after  laying 
down  a  few  of  the  principal  streets  by  the  graphic  methods,  the  remain- 
ing network  of  streets,  etc.,  can  be  fitted  into  its  proper  jjlace.  Much 
assistance  may  be  derived,  in  locating  railroad  lines,  especially  where  the 
curvature  is  complicated,  by  platting  the  engineer's  alignment  to  the 
scale  of  the  plane  table  sheet,  and  fitting  it  between  points  graphically 
determined.  The  advantages  of  the  graphic  method,  especially  in  the 
projection  of  isohupes,  would  obviously  be  lost,  however,  if  any  con- 
siderable part  of  the  work  were  left  to  be  completed,  after  leaving  the 
ground,  by  platting  field  notes  or  sketching  from  memory.  Besides  the 
loss  of  time,  there  is  the  large  element  of  uncertainty  which  usually 
attends  the  deciphering  of  sketch  notes  after  they  have  become  "  cold  '" 
by  lapse  of  time. 

As  the  success  of  the  portrait  painter  is  measured  by  his  skill  in  repro- 
ducing not  only  the  more  striking  and  familiar  features  of  his  subject, 
but  a  certain  subt'e,  undefinable  expression  of  individual  character,  so 
the  topographer  is  a  true  artist  who  brings  out  upon  his  map  not  only 
the  salient  contours  of  the  country,  but  the  less  apparent  though  real 
markings  which  reveal  to  experienced  eyes  the  conflicts  of  the  past 
between  the  great  sculpturing  forces  of  nature  and  the  rugged  resistances 
which  have  oi^posed  them,  the  efl'ective  touches  in  either  work  of  art 
being  applied  in  the  prespnce  of  the  subject  portrayed,  with  a  true  artistic 
sense  of  form  and  proportion. 


THE  STRENGTH  OF  SOME  LOCAL  BUILDING  STONE. 


By  Prof.  John  Eisenmann,   Membkr   of   the   Civil   Engineers'   Club   of 

Cleveland. 
[Read  October  13,  1885.] 


The  paper  which  I  present  to  you  this  evening  is  practically  the  report 
made  by  1885's  graduating  class  of  the  Case  School  of  Applied  Science. 
In  giving  the  instructions  to  the  class  I  thought  it  advisable  to  employ 
the  proportions  given,  and  thereby  approach  as  nearly  as  possible  to  the 
Kensington  recommendations  of  testing  materials  in  prismatic  forms, 
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whoso  heights  aio  about  one  and  a  lialf  times tlie  l)ase.  You  are  proltably 
aware  that  Geu.  Gilmore's  tests  were  made  with  two-inch  cubes  between 
steel,  wood,  lead  and  leather  plates  The  tendency  of  to-day  is  to  test 
material  at  nearly  the  natural  size,  or  at  least  to  employ  dimensions 
which  are  proportional  to  those  in  use  on  constructions.  Speaking  gen- 
erally, the  results  of  recent  tests  of  building  material,  made  on  larger 
specimens,  have  sliown  that  the  resistance  does  not  increase  with  the 
ratio  of  the  unit  found  from  experiments  upon  smaller  specimens  ;  and 
in  many  instances  the  larg'>  factor  of  safety  employed  is  the  only  salva- 
tion of  the  structures. 

Cleveland  and  vicinitj-  nave  some  of  the  most  valuable  sandstone 
quarries  found  in  this  country,  in  fact,  our  reputation  as  a  stone  market 
is  national.  New  quarries  are  constantly  being  opened  and  their  product 
put  upon  the  market.  The  question  then  arises,  wliat  is  the  durability 
and  strength  of  thatmaterial  ?  The  instructions  to  the  class  were  to  send 
their  circulars  of  invitation  to  the  newer  quarries,  and  to  reserve  a  few 
for  the  older  for  the  sake  of  comparison  with  former  tests.  About  one- 
half  of  the  cu-culars  sent  out  were  responded  to  by  sending  samples,  but 
two  or  three  of  these  came  too  late  for  complete  investigation,  hence  are 
omitted  from  the  report. 

It  is  also  a  matter  of  regret  that  the  time  of  the  class  was  too  limited 
to  push  the  investigation  further,  so  as  to  include  the  tests  for  abrasion, 
fire  and  frost.  However,  suffice  it  to  say,  their  work  is  but  a  nucleus  of 
that  which  we  expect  to  accomplish  in  the  future,  when  a  more  extended 
series  of  tests  will  be  made.  I  will  give  you  their  report  verbatim,  as  it 
fully  explains  itself,  and  it  may  be  given  whatever  weight  you  think  it 
deserves.  I  will  say  for  it  that  a  more  conscientious  set  of  tests  is  rarely 
made,  the  young  men  working  with  a  true  spirit  of  research,  having  had 
every  facility  afforded  by  the  chemical  and  physical  laboratories  of  the 
school  placed  at  their  disposal.  And  by  the  courtesy  of  the  manage- 
ment of  the  Otis  Steelworks,  they  had  the  full  use  of  a  large  Olsen  test- 
ing machine.  The  work  w^as  jjerformed  either  under  my  personal  super- 
vision or  that  of  Assistant  Prof.  James  Ritcliie. 

Cleveland,  O.,  June  15,  1885. 
To  J.  Eisenmann,  C.  E., 

Sir  :  We  hereby  respectfully  submit  the  results  of  our  investigation  of 
the  qualities  of  certain  sandstones  used  in  this  vicinitj'  for  engineering 
and  building  purposes. 

The  work  was  divided  into  thi-ee  parts  : 

1st.  Chemical  Analysis. 

3d.  Specific  Gravity  and  Ratio  of  Absorption. 

3d.  Resistance  to  Crushing  and  Transverse  Strain. 

Invitations  were  sent  to  stone  companies  and  owners  of  quarries  to  pre- 
pare specimens  after  the  following  specifications  : 

Three  sets  of  specimens  should  be  selected  from  different  parts  of  each 
quarry,  the  specimens  composing  each  set  being  chosen  from  immedi- 
ately adjacent  portions  of  the  same  stone, 

A  set  should  be  composed  of  : 

1st.  Two  specimens  for  resistance  to  compression,  3  in,  X  3  in.  X  4  m. 
one  to  have  length  running  with  the  bed  and  the  other  across  it. 
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2d.  One  specimen  for  resistance  to  transverse  strain,  3'm.  X  4  in.  X  14 
in.,  to  have  length  running  with  the  bed. 

3d.  One  piece  of  rough  stone  for  analysis  determination  of  specific 
gravity  and  ratio  of  absorption. 

Note. — Specimens  for  compression  and  transverse  strain  should  have 
their  surfaces  rubbed  true  and  smooth,  and  be  of  uniform  cross  section 
throughout.  They  should  have  their  coi'ners  perfect  and  square,  and  be 
marked  with  the  number  of  the  set  and  direction  of  bed. 

Tliese  invitations  were  responded  to  by  W.  H.  Caine,  three  sets  of  speci- 
mens, Newburgh,  Ohio ;  McDermott  &  Berea  Stone  Comjiany,  Berea,. 
O.:  Claflin  Paving  Company,  one  set  Medina  stone,  Albion,  N.  Y. :  C.  W. 
McCormick  &  Co..  three  sets  of  specimens,  Twinsburgli,  O.  ;  Ohio 
Building  Stone  Company,  four  sets  of  specimens,  Amherst.  O. 

The  chemical  analyses  were  made  in  duplicate  and  tlie  mean  taken  as 
final,  providing  they  agreed  within  one-tenth  of  one  percent. 

The  ratio  of  absorption  and  specific  gravity  were  found  as  follows  : 

1st.   The  sample  was  weighed  in  the  air. 

2d.  The  sample  was  immersed  in  pure  water  and  the  air  exhausted 
from  it  under  the  receiver  of  an  air-pump,  then  weighed  again  in  the  tiir 
after  removing  all  superfluous  water  from  surface. 

3d.  The  sample  was  then  weighed  again  while  suspended  in  pure 
water,  with  its  voids  still  filled. 

Corrections  were  made  for  any  disintegration  in  saturating  and  for 
the  weight  of  the  thread  in  suspending  from  the  scale  pans.  The  ratio 
of  absorption  of  a  stone  is  the  ratio  of  the  maximum  volume  of  water 
that  can  be  absorbed  by  it  to  the  volume  of  the  stone  ;  or  the  ratio  of 
the  difference  between  the  second  and  third  weighings  to  the  difference 
between  the  fir.-t  and  second.  The  specific  gravity  of  a  stone  is  the  rf:tio 
of  its  weight  in  air  to  that  of  a  corresponding  volume  of  water  ;  or  the 
ratio  of  the  first  weighing  to  the  difference  between  the  second  and 
third. 

The  cut  samples  were  tested  for  resistance  to  crushing  and  transverse 
strain  between  lead  plates  in  the  Olsen  testing  machine  of  the  Otis  Iron 
and  Steel  Works,  who  had  kindly  tendered  us  its  use. 

In  the  accompanying  tables  will  be  found  the  entire  results. 

In  all  stones  analyzed,  the  foreign  substances  in  the  cementing  material 
existed  as  oxides,  carbonates  or  silicates.  When  iron  is  present  as  ferrous 
carbonate  (FeCOg)  it  is  injurious,  since  it  tends  to  oxidize,  forming  rust 
streaks,  and  when  in  considerable  quantity  wiU  disintegrate  the  stt^ne. 
Calcium  and  magnesium  carbonates  (CaCOj  and  Mg.COj)  are  also  inju- 
rious to  the  stone  when  exposed  to  the  action  of  the  weather,  especially 
at  the  seashore  and  in  large  manufacturing  cities,  where  there  are  more 
or  less  acid  vapors  in  the  atmosphere.  Alkalies,  when  present,  will  in 
time  be  washed  out  and  the  stone  injured  by  an  amount  depending  on 
the  quantity  of  cementing  material  thus  removed. 

The  specimens  were  chosen  of  such  shape  and  dimensions  as  could  be 
easily  dressed  without  injury.  Although  in  most  cases  the  samples  were 
carefully  cut,  we  found  the  surfaces  of  some  not  quite  parallel,  thus 
causing  an  uneven  strain. 

For  transverse  strain  the  distance  between  supports  was  ten  inches  and 
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tlie  force  was  applied  midway  between   them.      The  specimen   for  this 

test  in  the   third   set   was   tested  on   its  edge   as  can  be  seen  from  tlie 

table. 

3  PI 
The  quantity  R  is  a  constant  derived  from  the  formula  R  =  —  ^-—    in 

3  o/i* 

which 

P  is  the  breaking  strain, 

I        '*     distance  between  sui)ports, 

h       "     height  of  specimen, 

b       "      breadth  of  specimen. 

Having  obtained  R  for  the  various  stones  it  can  be  substituted  in  the 

following  formula?,  which  give  the  breaking  weights  for  the   ordinary 

methods  of  loading, 

2  Rbh^ 
For  concentrated  load  P  =  -    — ~-    in  which  P  is  the  breaking  weight 

applied  midway  between  supports  ;  /,  the  distance  between  supports,  and 
b  and  h,  the  breadth  and  height  respectively  of  the  stone. 

-  4  Rbh^  — 

For  uniform  load  P  I  =  -=  — j —  in  which  P  is  the  load  per  unit  of 

length  and  the  other  notation  same  as  above. 

With  the  exception  of  the  Newburgh  and  Amherst  stones,  the  former 
having  been  quarried  two  months  and  the  latter  two  or  three  days,  the 
specimens  were  between  one  and  two  weeks  old. 

Upon  a  comparison  of  these  tests  with  those  of  Gen,  Q.  A,  Gillmore,  we 
find  that  his  results  are  higher  ;  but  this  may  be  partially  accounted  for 
by  the  fact  that  his  specimens  were  smaller  and  more  thoroughly  sea- 
soned. L.  F.  Brew^ster, 

Daniel  R,  Warmington. 

F.  H,   KiNDL. 

J.  Wand, 
[N.  B. — The  sulphur  test   was  applied,  but  no  traces  of  sulphur  were 
found  in  any  of  the  specimens  tabulated  above, — J.  E,] 
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IPIROCEEIDIlSrG^S. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


January  20,  1886  : — A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  and  called  to  order  at  7:40  p.  M.,  Mr.  C.  W.  Folsom  in  the  chair; 
forty -thi'ee  Members  and  ten  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  amendment  to  Section  2  of  the  By-Laws,  proposed  in  writing  at  the  last 
regular  meeting,  was  adopted.     AflSrmative,  twenty-three;  negative,  six. 

The  Secretary  announced  that  through  the  efforts  of  Mr.  F.  P.  Stearns  an 
exchange  of  publications  had  been  provided  for  between  the  Institution  of 
Civil  Engineers  of  Great  Britain  and  this  Society,  and  that  twenty-three  vol- 
umes of  the  minutes  of  the  proceedings  of  the  Institution  of  Civil  Engineers  had 
been  received. 

On  motion  it  was  voted  :  That  the  Secretary  be  instructed  to  acknowledge 
the  I'eceipt  of  the  minutes  of  the  jM-oceedings  of  the  Institution  of  Civil  Engi- 
neers, and  the  publications  of  this  Society  be  sent  in  exchange. 

The  Secretary  read  a  letter  from  Mr.  Clemens  Herschel  in  answer  to  a  vote  of 
this  Society,  on  the  matter  of  National  Engineering. 

On  motion  of  Mr.  Fred.  Brooks,  it  was  voted  :  That  the  Society  proceed  to  its 
literary  exercises. 

Mr.  George  T.  Sampson  read  a  paper  on  Frogs  and  Switches. 

Mr.  EUiot  C.  Clarke  addressed  the  Society  on  Investigations  made  by  the  Massa 
cbusetts  Drainage  Commission. 

Messrs.  E.  L.  Corthell,  H.  C.  Keith  and  W.  H.  Stearns  were  elected  members  of 
this  Society. 

Letters  were  read  by  the  Secretary  from  Mr.  E.  L.  Corthell  concerning  the 
Cleveland  Convention.  On  motion,  it  was  voted  :  That  these  communications  be 
referred  to  the  Committee  on  National  Engineering. 

Notices  were  read  of  the  forty-fourth  meeting  of  the  American  Institute  of 
Mining  Engineers,  the  sixth  annual  meeting  of  the  County  Sm'veyors  and  Civil 
Engineers  of  Indiana,  the  seventh  annual  meeting  of  the  Ohio  Society  of  Surveyors 
and  Civil  Engineers,  the  second  annual  meeting  of  the  Connecticut  Civil  Engineers' 
and  Surveyors'  Association. 

lAdjourned.']  H.  L.  Eaton,  Secretary. 

January  27,  1886  : — A  special  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  and  called  to  oi  der  at  7 :30  p.  M. ,  Pi-esident  George  L.  Vose  in  the  chair ; 
forty  Members,  nine  visitors  present. 

Mr.  Clemens  Herschel  addressed  the  Society  on  the  work  done  at  the  Holyoke 
Dam  in  the  year  1885. 

Mr.  Herschel  exhibited  a  model  showing  the  original  construction  of  the  dam,  the 
addition  made  in  later  years  to  strengthen  it,  and  the  work  done  in  1885.  Models 
of  the  cribs  used  in  making  repairs  on  the  dam  were  also  exhibited. 

A  clear  and  concise  historical  accoimt  of  the  formation  of  the  company  and  the 
location  of  the  dam  was  given,  with  explanation  of  the  dangers  which  threat- 
ened the  destruction  of  the  dam  in  later  years,  and  the  plan  adopted  to  prevent  it, 
the  condition  of  the  dam  in  1885,  and  the  work  done  in  1885  to  preserve  and  in  a 
measure  to  replace  it  by  filling  its  voids  with  gravel. 


PROCEEDINGS.  IHl 

At  the  close  Mr.  Herschcl  presentod  the  Society  a  set  of  three  jihotogiiiphs  ilhis- 
tratiug  the  work  done  in  1885. 
[Ailjourned.]  H.  L.  Eaton,  Secretary. 

February  10,  1886  : — A  special  ineeting  of  the  Boston  Societj'  of  Civil  Engi- 
neers was  held  jointly  with  the  New  England  Railway  Club,  and  called  to  order  at 
7:40  P.  M..  Mr.  J.  W.  Marden,  President  of  the  New  England  Railway  Club,  in  the 
chair,  and  twenty-nine  Jlernbers  of  the  Society  present. 

The  following  question  was  proposed  for  discussion:  "The  Relation  of  the 
Road-beil  to  the  Rolling  Stock,  and  the  Methods,  Forms  and  Materials  best  adapted 
for  Use  in  their  Construction." 

The  discussion  was  confined  mainly  to  the  gauge  of  wheels,  the  shape  of  wheel 
flange,  the  cause  of  sharp  flanges,  the  difficulty  in  introducing  a  uniform  standard 
wheel  gauge,  the  different  standards  in  use  by  New  England  railroads,  the  con- 
struction of  car  tnick.  the  widening  of  gauge  on  curves,  and  the  form  of  cross- 
section  of  rail. 

This  Society  was  represented  in  this  discussion  by  Messrs,  Bissell,  Hardy,  Bid- 
well,  Sampson,  Doane,  Oliver  and  Folsom. 

The  discussion  proved  to  be  very  interesting,  and  at  a  late  hour  it  was  voted  : 
That  this  subject  be  continued  for  future  discussion,  the  time  and  place  to  be 
arranged  by  the  Pi-esidents  of  both  Societies.  H.  L.  Eatox,  Secretary. 

IA(I  jou7-ned.'\ 

[for  a  report  of  this  raeeting  in  detail,  see  American  Journal  of  Railway  Appliances 
Vol.  VI.,  No.  7.] 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


February  17,  1886  :— Club  met  at  8:15  p.m  at  Mercantile  Library,  President 
McMath  in  the  chair,  and  twenty-two  Members  and  two  visitors  present. 

Minutes  of  last  meeting  were  read  and  approved . 

The  Executive  Committee  reported  the  adoption  of  the  following  rule  :  "  Mem- 
bers in  arrears  whose  Journal  has  been  stopped  will  be  notified  of  the  same  within 
thirty  da3's,  and  informed  that  they  are  liable  to  be  reported  to  the  club  and  pub- 
lished in  the  proceedings  as  delinquent." 

The  club  decided  to  tender  Colonel  Henry  Flad  a  complimentary  lunch  in  honor 
of  his  election  as  President  of  the  American  Societ}'  of  Civil  Engineers. 

Mr.  Holman  moved  that  a  committee  of  three  be  appointed  to  consider  and 
report  at  next  meeting  upon  the  probable  cost  and  programme  for  the  lunch.  The 
motion  was  carried,  and  Messrs.  Holman,  R.  Moore  and  Ockerson  were  appointed 
as  that  committee. 

Mr.  S.  Bent  Russell  read  a  paper  on  '*  The  Efficiency  of  a  Pipe  System  for  Fur- 
nishing Water  to  Fire  Engines." 

A  general  discussion  followed. 

[Adjourned.]  Thos.  D.  Miller,  Secretary. 


WESTERN  SOCIETY  OF   ENGINEERS. 


February  2,  1886 :— The  2Slst  meeting  was  held  on  Tuesday,  February  2, 
1886,  at  7:30  p.  M.,  President  Wright  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Applications  to  be  admitted  as  Members  were  received  from  Mr.  Charles  L. 
Strobel,  consulting  engineer  Keystone  Bridge  Co.,  residing  in  Chicago,  indorsed 
by  Messrs.  Gottlieb,  Cregier  and  Artiugstall;  and  from  Mr.  George  Frederick 
Samuel,  assistant  engineer,  town  of  Lake  View,  indorsed  *by  Messrs.  Cole,  Alvord 
and  Wright. 

Mr.  William  S.  Grant-Synn  was  elected  aJMember. 
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Mr.  Arthur  M.  Kinsman  was  transferred  from  the  grade  of  Associate  to  that  of 
Member. 

The  thanks  of  the  Society  wci-e  voted  to  the  Ohio  Society  of  Sui'veyors  and  Civil 
Engineers  for  an  invitation  to  attend  its  seventh  annual  meeting  at  Columbus, 
January  12,  13,  14,  15;  and  to  the  American  Institute  of  Mining  Engineers  to 
attend  the  forty-fourth  meeting  of  the  Institute,  to  be  held  at  Pittsburgh,  Feb- 
ruary 16,  etc.  ' 

The  Secretary  presented  from  the  Trustees  the  following 

REPORT. 

The  Trustees  have,  in  accordance  with  the  request  made  at  the  last  meeting, 
taken  into  consideration  the  genei'al  interests  of  the  Society,  and  are  of  opinion 
that  some  changes  in  the  conduct  of  its  affairs  may  be  desirable.  At  the  present 
time,  however,  the  greatest  need  is  a  large  increase  in  the  number  of  Members. 
If  tbe  membership  can  be  doubled  the  value  and  efficiency  of  the  Society  will  be 
increased  in  a  much  greater  proportion.  It  would  seem,  therefore,  that  the  firs 
effort  should  be  in  this  dii'ection,  and  that  it  is  practicable  for  each  of  the  present 
Members  to  bring  into  the  Society  at  least  one  new  Member.  Believing  that  the 
best  way  to  accomplish  this  is  to  make  the  pecuniary  burden  of  membership  as 
light  as  possible,  it  is  hei'eby  recommended  that  the  amounts  for  entrance  fee  and 
annual  dues  be  reduced. 

A  full  discussion  of  the  report  was  had,  after  which  Mr.  Artingstall  proposed 
the  following  amendments  to  the  By-Laws : 

1.  No  entrance  fee  shall  be  collected  from  new  Members  after  January  1,  1886. 

2.  Members  residing  in  Cook  County,  Illinois,  shall  pay  dues  at  the  rate  of  six 
dollars  per  year  ;  all  other  Membei's  of  every  grade  shall  pay  at  the  rate  of  five 
dollars. 

A  resolution  was  adopted  that  the  Members  present  favored  the  proposed  amend- 
ment. 

Mr.  Williams,  Manager,  presented  a  bill  from  the  Association  of  Engineering 
Societies  for  the  second  installment  of  the  assessment  for  the  Journal,  ordered 
August  31,  1885,  amounting  to  $106,  which  was  ordered  paid. 

A  paper  was  read  by  Mr.  Zellweger,  "  The  Cremation  of  Garbage." 

The  Secretary  read  a  communication  from  Mr.  Palmer  calling  attention  to  the 
convention  of  the  American  Society  of  Mechanical  Engineers,  to  be  held  in  Chicago, 
May  25  to  28,  and  suggesting  that  the  Society  should  take  some  action  in  relation 
to  this. 

It  was  voted  that  the  President  appoint  a  committee  to  I'eport  on  this  matter. 
Messrs.  Palmer,  Cregiei-  and  Gottlieb  were  appointed  as  this  Committee. 

A  resolution  was  adopted  that  the  portrait  of  President  Wright  be  added  to  the 
collection  of  portraits  of  former  Presidents,  and  requesting  ex-President  Williams 
to  sit  lor  the  portrait  previously  voted  by  the  Society,  but  not  as  yet  ordered,  on 
account  of  the  want  of  funds  to  pay  for  it. 

[Acljourned.l  L.  P.  Morehouse,  Secretary. 


March  2,  1886  :— The  232d  meeting  was  held  at  7:30  p.  m.,  President  Wright 
in  the  chaii'. 

Messrs.  C.  L .  Strobel  and  G.  F.  Samuel  were  elected  Members. 

The  Secretary  annoxmced  the  receipt  of  photograph  likenesses  from  Messrs.  D. 
J.  Miller  and  A.  Comstock. 

Mr.  Palmer,  for  the  Committee  on  Entertainment  of  the  Amefican  Society  of 
Mechanical  Engineers,  reported  pi'ogress. 

Mr.  Cooley,  for  Committee  on  National  PubUc  Works,  stated  that  the  co-opera- 
tion of  most  of  the  engineering  societies  of  the  country  had  been  enlisted  and  that 
the  work  of  the  committee  was  progressing  satisfactorily. 
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Till'  two  ainoiKlip.ents  to  the  By-Laws  proposed  at  tlie  niectiiiK,  Fchruary  2,  were^ 
upon  ballot,  adoptt-il. 

Mr.  Mori'house  called  up  the  suggestiou  made  some  time  ago  by  Mr.  Zellweger 
that  questions  propounded  by  Members  be  referred  to  special  committees  for 
answer,  and  a  resolution  was  adopted  that  all  such  queries  be  jjlaced  in  the  hands 
of  the  respective  Topical  Committees  for  investigation  and  reply. 

Upon  motion  of  Mr.  Cregier,  the  President  was  requested  to  revise  the  Standing 
Committees. 

Two  papers  were  read  and  discussed:  "Pile  Driving,"  by  Mr.  E.  H.  Beckler^ 
and  "Tests  of  Power  of  Locomotives,"  by  Mr.  C.  H.  Hudson. 

The  Secretary  announced  the  death  of  Mr.  E.  B.  Talcott,  one  of  the  oldest  mem- 
bers of  the  Societj-,  and  the  Chair,  by  request,  appointed  Mr.  W.  S.  Pope  a  com- 
mittee to  draft  a  memorial  paper. 

Mr.  Cooley  offered  the  following  : 

AMENDMENT   TO    BY-LAWS. 

In  place  of  the  term  "  Contributing  Member"  insert  "  Associate,"  and  in  place 
of  the  word  "  Associate "  insert  "  Junior,"  wherever  said  words  "Contributing 
Member  "  and  "  Associate  "  appear  in  the  Constitution  and  By-Laws. 

The  following  names  were  presented  for  membership  :  Horace  C  Alexander. 
Assistant  Engineer  of  Streets,  Chicago,  and  Orlando  H.  Cheney,  Superintendent 
of  Sewerage  Department,  Chicago  ;  both  indorsed  by  Messrs.  Wright,  Liljencrantz 
and  Cooke. 

{Adjotirned.]  L.  P.  Morehouse,  Secretary. 

At  the  April  meeting  two  papers  will  be  presented:  "Truss  Bridges  of  Long 
Span,"  by  Mr.  J.  Freeman  Clarke,  and  "A  Revised  Time-Table  for  Lighting 
Public  Lamps,"  by  Mr.  J.  M.  Howells. 


ENGINEERS'  CLUB  OF  MINNESOTA. 


September  13,  1886  :— Special  meeting  to  consider  plans  for  winter  meetings. 
Mr.  D3  La  Barre  in  the  chair.  Present,  Messrs.  De  La  Barre,  J.  T.  B  .ker,  Libby, 
Redfield,  Todd,  Brooks,  Sprague  and  Pike. 

The  Secretary  read  a  communication  from  the  Cleveland  Engineers' Society, 
asking  the  club  to  appoint  a  committee  to  consider  the  subject  of  "  The  Relations 
of  Civil  and  Military  Engineers."  The  chaii-  appointed  Messrs.  Abbott,  Cooley 
and  Pike  as  such  committee,  to  report  at  next  regular  meeting. 

Voted  to  make  an  assessment  of  S3  upon  each  member  to  pay  running  ex- 
penses. 

The  committee  on  rivers  and  canals  agreed  to  present  a  paper  at  next  meet- 
ing. 

The  President  reported  through  Mr.  Libby  that  he  had  appointed  Messrs.  Libby 
and  De  La  Barre  to  act  with  him  as  a  committee  on  Industrial  Exposition .  Mr. 
Libby  also  reported  that  Mr.  Cooley  had  been  appointed  member  of  the  Commit- 
tee on  Organization  of  the  Exposition. 

The  Committee  on  Mines  and  Mining  was  requested  to  present  a  papei-  at  the 
next  meeting,  and  agreed  to  report  at  October  meeting  whether  it  would  be  possi- 
ble. 

The  Committee  on  Weights  and  Measures  agreed  to  present  a  paper  at  the 
December  meeting.  Wm.  A.Pike,  Secretary. 

lAdjourned.'] 

November  13,  188.5  :— Regular  meeting,  Vice-President  Abbott  in  the  c  hair. 
There  were  present  Messrs.  Abbott,  De  La  Barre,  Brooks,  Libby,  Chapman,  Pike. 
Pardee,  Redfield  and  Saaford. 
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The  records  of  last  meeting  were  read  and  approved. 

The  committee  to  consider  the  question  of  sending  a  delegate  to  the  Convention, 
to  be  held  at  Cleveland,  to  consider  the  relation  of  civil  and  raihtary  engineers, 
reported  as  follows: 

"Whereas,  in  the  opinion  of  the  committee  this  matter  can  only  be  reached  by  the 
efforts  of  each  club  in  Congress,  through  the  Representatives  and  Senators  of  the 
State  and  district;  and  in  order  to  make  such  efforts  effective,  simultaneous 
ai.'tion  should  be  taken  by  all  similar  organizations  :  Therefore  we  recommend 
that  the  club  send  a  delegate  to  the  Convention  referred  to. 

This  report  was  made  in  substance  orally,  and  was  accepted. 

It  was  voted  to  i-equest  Mr.  E.  T.  Abbott  to  represent  the  club. 

Mr.  W.  R.  Hoag  and  Mr.  John  H.  Barr  were  proposed  for  membership  by  Wm. 
A.  Pike  and  and  W.  S.  Pardee,  and  Mr.  (t.  W.  Sublette  by  E.  T.  Abbott  and  T.  F. 
Chapman . 

W.  W.  Brooks  then  read  a  paper  on  the  ''  Steam  Plant  of  the  Washburn  MiUs," 
which,  after  discussion,  was  accepted,  and  voted  to  print  in  the  Journal. 

lAdjourned.'i  Wm.  A.  Pike,  Secretary. 

January  8,  1886  :— Regular  meeting,  President  Geo.  W.  Cooley  in  the  chair. 
The  following  Members  were  present :  Messrs.  Cooley,  Redtield,  James  Waters, 
Sprague,  D.  P.  Waters,  Sanford  and  Pardee. 

The  i)revious  records  were  read  and  approved. 

Mr.  E.  T.  Abbott,  the  delegate  appointed  Nov.  13,  1885,  to  attend  the  Cleve- 
land meeting,  not  being  present,  and  not  having  sent  in  a  written  report,  Presi- 
dent Cooley  reported  that  there  had  been  important  discussion  at  the  Cleveland 
meeting  of  the  relation  of  civil  and  military  engineers,  and  the  expressed  opinion 
was  that  civil  engineers,  both  as  individuals  and  as  a  body  of  professional  men, 
were  undoubtedly  entitled  to  some  of  the  Government  work  now  in  the  hands 
of  military  engineers  alone. 

The  matter  having  been  freely  discussed,  the  Club  balloted  for  new  members; 
Messrs.  Hoag.  Barr  and  Sublette  being  duly  elected. 

The  President  read  his  annual  report,  which  was  accepted  and  filed. 

The  following  officers  for  1886  were  elected  :  President,  D.  P.  Waters  ;  Vice- 
President,  E.  J.  Abbott  ;  Secretary  and  Treasurer,  Walter  S.  Pardee  ;  Libra- 
rian, W.  W.  Redfield  ;  Representative  on  Board  of  Management  Engineering 
Association,  Geo.  W.  Cooley. 

On  motion.  Prof.  Wm.  A.  Pike  was  relieved  from  paj'ment  of  future  dues 
on  account  of  the  invaluable  aid  he  had  given  the  Club  in  the  capacity  of  Secretary 
and  Treasurer,  and  on  account  of  his  dangerous  illness,  which  made  it  doubtful  if 
he  would  ever  be  able  to  assume  further  duties. 

On  motion,  the  club  periodicals  were  ordered  bound. 

lAdjoxirned.'i  Walter  S.  Pardee,  Secretary. 


February  12,  1886:— Regular  meeting,  President  D.  P.  Waters  in  the  chair. 
Present,  Messrs.  "Waters,  Abbott,  Redfield,  James  Waters,  Sanford,  Barr  and 
Pardee. 

Previous  records  were  read  and  approved. 

Mr  E.  T.  Abbott,  delegate  to  the  Civil  Engineers'  Convention  held  at  Cleve- 
land, Dec.  3,  4  and  5,  1885,  made  a  i-eport  that  being  subpoenaed  to  attend  a  ses- 
sion of  the  Supreme  Court  while  on  his  way  to  the  Convention,  he  was  able  to 
appeal-  at  the  Convention  only  in  time  to  approve  in  writing  the  action  of  the  Con- 
vention, and  by  that  approval  be  considered  a  member  of  "the  Temporary  Civil 
Engineers'  Committee  on  National  Public  Works. " 

Mr.  Abbott  detailed  the  work  of  the  Convention,  and  explained  the  stand  taken 
with  reference  to  the  organization  of  the  Permanent  Committee  on  National 
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Public  Works  ;  recomraeudiug  that  tho  club  act  at  once,  accordiug  to  the  instruc- 
tions sent  out  by  Mr.  T.  Blunt,  Secretary  E.Kecutive  Board. 

On  motion,  the  report  was  accepted. 

On  motion,  the  Librarian's  report  for  188.">  was  accepted  and  ordered  filed. 

On  motion  of  Mr.  D.  P.  Waters,  Mr.  Piatt  B .  Walker's  name  was  proposed  for 
raombcrship,  the  name  being  certified  to  by  Messrs.  D.  P.  Waters  and  W.  W. 
Redfield. 

Under  suspension  of  the  rules,  Mr.  AValker  was  duly  elected  a  member. 

Mr.  John  Lamb  was  proposed  for  membership,  certified  to  by  Messrs.  Abbott 
and  James  Waters. 

On  motiim  of  Mr.  Abbott  for  the  appointment  of  a  Permanent  Committee  on 
National  Public  Works,  tlie  President  appointed  Messrs.  Piatt  B.  AValker,  E.  T- 
Abbott,  James  Waters  and  George  W.  Cooley ;  and  Mr.  Walker  was  appointed 
delegate  to  the  coming  General  Convention. 

On  motion  of  Mr.  Abbott,  a  committee  of  three  was  appointed  to  consider  the 
matter  of  rooms. 

Mr.  W.  W.  Redfield  read  a  paper  on  a  "  Table  of  End  Areas,"  which  was 
accepted  and  ordered  printed  in  the  Jourxal,. 

The  President  appointed  the  standing  committees  for  1886  as  follows  : 

Library — Librarian,  President  and  Vice-President. 

Bridges  and  Materials — P.  L.  Straw,  F.  Plummer. 

Railroads  and  Transportation — J.  W.  Keudrick,  M.  D.  Rhame. 

Sewers  and  Drainage,  Streets  and  Paving — A.  Rinker,  W.  D.  Van  Duzee. 

Engineering  Jurisprudence — F.  L.  Straw,  G.  W.  Cooley. 

Bxiildings — W.  S.  Pardee,  Fred.  Kees. 

Rivers  and  Canals — G.  W.  Cooley,  J.  H.  Baker. 

Survei/ing  and  Topography — AV.  W.  Redfield,  E.  T.  Abbott. 

Weights  and  Measures — W.  W.  Redfield. 

Machinery — James  Waters,  R.  H.  Sanford. 

Water  Supply — James  Waters. 

iAdjoiirned.]  Walter  S.  Pardee,  Secretary. 


Editors  reprinting  articlfs  from  this  journal  art 
reqwstcd  to  credit  both  the  Journal  and  the 
Society  before   which  such  (trticles  were  read. 
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ORGANIZED     1881. 


"Vol-  "V-  .A.i>-c±l,    1886.  ITo_  6. 


This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 


THE    LOUISVILLE    CEMENTS. 


By  Thos.  D.  Miller,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  December  16,  1885.] 


Practically  all  the  cement  used  in  this  market  is  Louisville  or  Portland 
cement.  At  least  95  per  centum  of  all  the  natural  cement  used  in  St. 
Louis  is  Louisville  cement.  There  are  various  reasons  for  this,  principal 
among  which  is  that  Louisville  cement  is  the  cheapest  for  its  quality 
that  can  be  obtained,  and  any  other  cement  that  might  be  brought  here, 
■were  it  euiierior  to  Louisville,  in  all  probability  would  not  be  enough  so 
to  justify  the  additional  cost,  for  if  the  qualitj'  required  is  beyond  what 
the  Loui&viUe  works  can  supply,  it  usually  pays  to  use  Portland,  which 
is  now  quite  cheap  compared  to  what  it  was  formerly. 

So  much  has  the  Louisville  cement  been  used  in  this  section  and  with 
Buch  satisfactory  results,  that  nearly  all  the  specifications  for  railroad 
and  municipal  work  call  for  a  cement  equal  to  the  best  Louisville  cement. 
The  latest  specifications  of  the  Missouri  Pacific  Railway  for  mortar  are 
as  follows  :  "  The  mortar  for  all  the  work  shall  be  of  the  best  brands  of 
fresh  Louisville  cement,  and  clean,  sharp  sand,  etc."  The  specifications 
of  the  Street  Department  of  St.  Louis  for  the  foundation  of  reconstructed 
paved  streets  in  regard  to  the  cement  used  in  making  the  concrete  are  as 
follows : 

"Cement. — The  cement  used  shall  be  hydraulic  cement,  equal  in  all 
respects  to  the  best  Louisville  cement.  It  shall  be  newly  made,  fine 
ground,  and  capable  of  withstanding  a  tensile  strain  of  forty  (40)  pounds 
per  square  inch  of  section,  when  mixed  pure  and  made  into  test  bars  and 
exposed  thirty  (30)  minutes  in  air,  and  twenty-four  (24)  hours  or  more  in 
water.     Cement  in  bags  or  packages  not  branded  with  the  name  of  the 
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n^akerwiU  not  be  received      ^^^^^l^^Tl^l^f  g^nSltasfs  i? 
such  manner  and  at  such   times  as   may  be  ^equnea  ^^  ^^ 

packages  accepted,  ^^fl'^^'yi^^^^^n/^^^^^^  these  marks,  and 

required,  and  the  contracto     shall  caietuny  pie  ^^^^^  ^^^^^ 

not  allow  them  to  be  ^^'^^^^V^^^;^  J.^'^^^S  to  tbe  weather  after  testing 
and  dry  imtil  used,  and  any  cement  exposea  to   t  ^^^ 

shall  not  be  used.     Cement  ^";^^J.  ^^  /^ml  Tt"*Jot  ?ound^  to  be  of  proper 

^qXfrh^l'b-^ecIS^^^ 
from  the  line  of  the  work." 

Finding  an  article  so  generally  used,  it  is  of  interest  to  ^-^  --- 
*!,  r.Ah^  hiqtorv  and  growth  of  the  industry,  and  also  to  know,  it 
;rsy.!  latrSst\ranas  of  Louisville  ce^nt  are.  and  wha.  tLey 

"rr.tLt.Hon.ation  to  which  the  stone  belongs  '--  whi.h  the 

ri;:f?hicr-n.rrsiinr^^^^^^^ 

cinhparboniferous  and  Carboniferous. 

tr  properties  of  this  rock  for  cement  manufacture  were  first  dxs- 

The  PJ^^P^^"^^  Qj^i^  Ri^er  in  1828  or  1829,   at  the  time  the 

covered  on  the  Fa  is  of  the  Ohto  ^^^^^  ^^^    ^^^^    ^^^^ 

ZrvrrLf  exp en^^^^^^^^^^  the  rock,  temporary  works  were  erected 

tv  Mr   jThn  HuLe,  where  he  made  the  cement  for  the  construction  of 

^^wks  of  that  canal.    The  excellent  quality  of  the  cement  was  soon 

tSed  and  permanent  works  were  established  on  the  falls  where 
ascertained,  and  permanent  ^^^^  ^^^^  .^ 

atex-power  -^ava,^aWe.  O".  *e  ^te  °/^\^^^^  „  ,  ^uln^e  Brand."  one 
ofTe"SvtaandrThe'ew„s  operated  for  many  years  a  mill  on  the 
^  1  !  tde  !f  the  river  opposite  the  Hulme  mill,  but  it  has  been  out  o£ 
I'r  a  nnmter  o.  years^'and  now  scarcely  more  than  picturesque 
ruins  are  to  be  seen. 


MILLS   MANUFACTURING   LOUISVILLE   CEMENT 


Falls 

Spsed 

Queen  City..- 

Falls  City 

(anal  &  River 

Black  Diamond 
Silver  Creek 
Fern  Leaf... 


*1830 
1869 
1870 

*1867 
1871 

1869 

*1872 

1880 


Louisville  Cement 

Co. 
Louisville  Cement 

Co. 
Louisville  Cement 

Co. 
Union  Cement  & 

Lime  Co. 
Union  Cement  & 

Lime  Co. 

Union  Cement  & 
Lime  Co. 

Silver  Creek    Ce 
mentCorpora'n. 

Ohio  Valley    Ce- 
ment Co. 


bbls. 
i     750 

^  1,000 

t      350 


I     550     \ 


1,000 
550 

I      400 

1 

f 
I 


550 
550 


Falls  of  Ohio 
River,  Ky . 

Speed's  Sta., 

Ind. 
Watson's, 
Ind. 

Near  Sellers- 
burg,  Ind. 

On  Louisville 
&  Portland 
Canal,  Ky. 

Near  Cement- 
ville,  Ind. 

CemeutviUe, 
Ind. 

Near  Cement- 
ville,  Ind. 


J.  Hulme 

Brand,  Star. 
Speed   Star 

Brand . 
Queen   City 

Star  Brand. 

Anchor  Brand. 

River  Dia- 
mond Brand. 

Black  Dia- 
mond Brand. 
Black  Acorn 

Brand. 
Fern  Leaf 

Brand. 


The  aggregate  capacity  of  all  the  miHs  ^l^^Zt  ?m  tnd  act.  as 
rrh^  Wp>itprv  Cement  Association  was  estabiisnea  in  lo.v^,  a 
selUngSsMpping  agent  for  a,,  the  mills,  thereby  making  the  aggre- 
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gate  office  exi^enses  about  the  same  that  each  company  would  he  under 
were  tliey  operatinj^;  entirely  independent  of  one  another. 

No  record  of  the  total  sales  of  Louisville  cement  was  kept  prior  to  the 
formation  of  the  Western  Cement  Association,  1870,  but  from  that  year 
on  there  has  been,  and  considerable  increase  is  shown. 

ANNUAL  SALES  OF  LOUISVILLE  CEMKNT  FOR  PAST  FIFTEEN  YEARS. 

Barrels.  Barrels 

1870 :i20.ir>0  1878 .•n3,372 

1871 ;?77,9t};i  1879 3.50,625 

1872 375,970  .880 3K2,119 

1873 416,807  18S1 627.741 

1874 364.043  1882 ': 708  .i98 

1875 333.030  1883  86.3,822 

1876 286,216  1884 828,794 

1877 287,043 

In  1883  St.  Louis  handled  125,000  barrels,  or  about  14  per  cent,  of  the 
output,  and  in  1884,  95,000  barrels,  or  about  11  per  cent,  of  the  total  sold. 

The  largest  markets  for  this  cement  are  St.  Louis,  Chicago,  Cincin- 
nati, Pittsburgh,  Cleveland,  Detroit,  Minneapolis,  St.  Paul  and  Kansas 
City,  while  in  the  territory  south  and  southwest  of  Louisville  it  is  used 
almost  exclusively.  The  product  of  the  Hulme  and  River  Diamond 
mills  is  shipped  principally  south  by  water  and  rail  ;  that  of  the  other 
mills  is  shipped  by  rail  to  from  Pittsburgh  on  the  east  to  the  Rocky 
Mountains  on  the  west. 

The  quarries  which  supply  the  two  Kentucky  mills  are  partly  adjacent  to 
the  mills  and  partly  at  the  head  of  the  falls.  The  ledge  in  these  two  locali- 
ties is  composed  of  three  strata,  making  jointly  a  thickness  of  about  nine 
feet.  The  stone  is  quarried  during  the  months  when  the  river  is  low,  say 
from  May  to  December.  The  same  vein  of  cement  rock  comes  to  the 
surface  at  several  places  in  Clarke  County,  Indiana,  opposite  Louisville, 
but  at  all  these  i^oints  it  is  thicker  than  on  the  river,  the  total  thickness 
ranging  from  twelve  to  thirteen  feet.  All  the  quarries  are  worked  open, 
as  the  stripping  is  so  light  that  mining  has  not  become  necessary.  Power 
drills  are  used  exclusively,  and  the  stone  is  hauled  from  the  quarries  of 
the  Hulme  and  River  Diamond  mills  by  narrow-gauge  locomotives,  and 
piled  up  at  the  mills  convenient  to  the  kilns. 

Above  the  strata  of  cement  rock  is  a  stratum  of  bastard  cement  rock 
which  contains  a  good  deal  of  flint,  and  overlying  this  is  a  coarse  lime- 
stone, both  of  which  are  thrown  away  as  useless.  This  bastard  stratum 
is  found  in  all  the  quarries.  As  already  stated,  the  cement  rock  lies  in 
three  strata.  The  upper  ones  make  as  a  rule  a  quicker  setting  and 
darker  cement  than  the  lower  one  ;  they  also  require  harder  burning. 

The  Hulme  mill  runs  by  either  steam  or  water  power,  having  a  7-foot 
turbine  with  about  11  feet  fall,  developing  about  350  horse-power.  All 
the  other  mills  are  run  by  steam  power. 

The  coal  used  exclusively  in  the  kilns  is  first  and  second  pool  Pitts- 
burgh. 

A  perpetual  kiln  is  used,  measuring  about  9  feet  diameter  at  the  top,  and 
from  10  to  10.5  feet  diameter  at  the  bilge,  and  about  33  feet  in  height. 

The  crusher  is  made  of  chilled  metal  and  is  composed  of  a  conical  shell, 
with  crushing  ribs  on  the  inner  surface  and  a  core  attached  to  a  revolv- 
ing shaft.  This  core  is  composed  of  two  parts,  the  lower  one  wearing 
out  much  sooner  than  the  upper,  thus  allowing  either  part  to  be  replaced 
independently  of  the  other. 
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The  grinding  is  done  with  the  ordinary  flint  mill  buhrs. 

The  cement  rock  is  placed  in  the  kiln  in  about  1  foot  layers  and  the 
coal  is  scattered  over  each  layer  of  stone.  The  burned  stone  is  drawn 
from  the  bottom  after  remaining  about  3  days  in  the  kiln  ;  it  is  loaded  on 
dump  cars  and  drawn  with  a  cable  on  an  inclined  plane  to  the  top  floor  of 
the  mill,  dumped  into  a  hopper  and  fed  to  the  crusher;  it  passes  from  the 
crusher  in  sizes  varying  from  that  of  a  hazel  nut  to  powder,  goes  to  the  buhr 
on  the  floor  below  the  crusher,  where  it  is  ground  and  is  conducted  through 
pipes  to  the  bottom  floor,  where  it  is  packed  in  barrels  by  power  packers. 

The  cement  has  a  temperature  of  about  110°  Fahr.  when  it  leaves  the 
buhr,  consequently,  it  is  allowed  to  stand  24  hours  before  the  barrels 
are  driven  and  nailed  for  shipment. 

The  stone  at  the  quarry  is  selected  before  it  is  sent  to  the  kiln.  It  is 
again  picked  over  after  being  burned,  when  all  stone  not  sufficiently 
burned  or  over  burned  is  taken  out  and  proper  disposition  is  made  of  it. 

One  cubic  yard  of  broken  stone,  readj'  for  the  kiln,  will  make  about  5| 
or  6  barrels  of  cement.  The  quarries  seem  to  be  inexhaustible,  and  the 
present  capacity  of  the  mills  is  largely  in  excess  of  the  demand.  In  the  last 
five  years  the  demand  for  cement  in  bags  has  increased  very  much  for 
large  jobs,  where  the  work  is  near  the  line  of  transportation  and  proper 
storage  is  practicable,  but  at  least  four-fifths  of  the  cement  is  shipped  in 
barrels.  The  mills  are  situated  in  the  midst  of  a  large  oak  bearing  dis- 
trict, from  which  the  supply  for  barrels  is  drawn,  thus  enabling  them 
to  furnish  excellent  cooperage. 

The  price  of  cement  has  decreased  from  $2.75  per  barrel  in  1868,  to 
prices  ranging  from  85c.  to  $1.00  at  the  works  at  the  present  time. 

The  United  States  Government  instituted  elaborate  tests  at  the  works 
on  the  Sault  Ste.  Marie  Canal,  the  results  of  which  were  so  favorable 
to  Louisville  cement  that  it  was  used  exclusively  in  that  work.  In  the 
spring  of  1883  the  work  of  the  inspection  of  the  cement  to  be  used  in  the 
concrete  foundations  of  the  streets  being  reconstructed  was  assigned  to 
the  writer.  The  specifications  under  which  this  inspection  was  made 
have  already  been  given.  The  department  furnished  an  old  style  Fair- 
banks testing  machine  with  the  spring  scales  and  shot  pan.  The  molds 
were  one  inch  section  with  circular  ends  similar  to  an  eye-bar.  The 
writer  soon  discovered  that  a  great  deal  of  time  was  lost  in  pouring  shot 
into  a  pan  and  back  again  into  a  sack.  The  pan  was  detached  and  a 
strong  wire  put  in  its  place,  which  passed  down  through  the  bed  of  the 
machine  and  was  securely  fastened  underneath,  so  that  by  screwing  up 
on  the  centre  fulcrum  the  strain  was  applied  to  the  briquette  and  indi- 
cated on  the  scale.  Not  having  a  self -registering  hand  attached,  the 
scale  was  watched  and  the  reading  taken  at  the  instant  the  sample  broke. 
It  soon  became  apparent  that  a  transverse  strain  was  often  applied, 
caused  by  the  inaccurate  fitting  of  the  clutch  on  the  end  of  the  briquette. 
To  overcome  this  fault  a  pair  of  clutches  was  consti'ucted  with  gimbles 
so  applied  that  the  clutch  could  adjust  itself  regardless  of  the  uneven 
fitting  of  the  sample.     These  clutches  gave  very  satisfactory  results. 

The  samples  were  Louisville  cement,  mixed  about  the  consistency  of 
mortar  to  be  used  in  brick  work,  and  tested.  All  tests  were  made  in 
tension. 
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SAMPLES  EXPOSED  30  MINUTES  IN  AIR  AND  24  HODRB  UNDER  WATER 


Brand  of  cement. 


Hulme  Star.  . . 

Speed  Star 

Queen  City  Star 

Black  Acorn 

Fern  Leaf 

Anchor  Brand. . 
River  Diamond. 

All  brands 


Stood  40  lbs.  or  more. 


All  tests 


No.  of 
tests. 


419 
476 
104 
•221 
167 
123 
49 


1.559 


Average 

lbs.    break. 

stress. 


92.7 
70.4 
75.7 
67.3 
69.1 
70.0 
71.1 


76.1 


Lowest 

Higb- 

est. 

No.  of 
tests. 

41 

154 

424 

40 

168 

5:?ti 

40 

134 

105 

40 

i:!0 

2.14 

40 

140 

188 

40 

120 

137 

48 

111 

50 

1,674 

Average 

lbs.   break. 

stress. 


9l.'i 
(H.;.' 
74.0 
64.8 
040 
66.3 
70.2 


72.2 


Lowest 


20 
00 
33 
00 
00 
30 
:<0 


SAMPLES  EXPOSED  30  MINUTES  IN  AIR  AND  2  DAYS  UNDER  WATER. 


Brand  of  cement. 


Hulme  Star 

Speed  Star 

Queen  Citv  Star 

Black  Acorn 

Fern  Leaf 

Anchor  Brand . . 
River  Diamond. 

All  brands  . . . 


Stood  40  lbs.  or  more. 


All  tests. 


No.    Of 
Tests. 


120 
73 
36 
83 
23 
53 
9 


397 


Average 

lbs.  break. 

stress. 

Lowest 

High- 
est. 

No.    of 
tests 

96.8 

45 

135 

122 

76.1 

40 

150 

80 

76.2 

45 

100 

45 

74.5 

42 

120 

83 

816 

42 

100 

23 

67.7 

44 

130 

53 

81.5 

59 

160 

9 

81.3 

415 

Average 

lbs.   break. 

stress 


95.7 
72.2 

74.5 
81.6 
67.7 
81.5 


Lowest 


30 
21 
00 
42 
4-.' 
44 
59 


(8.7 


SAMPLES  EXPOSED  30  MINUTES  IN  AIR  AND  3  DAYS  UNUER  WATER. 


Brand  of  cement. 

No.  of  tests. 

Average  lbs. 
break,  stress. 

Lowest. 

Highest. 

Speed  Star 

Black  Acorn 

Anchor  Brand 

1 

8 

19 

86.0 
74  2 

72.0 

86 
50 
41 

86 
100 
100 

All  brands 

28 

73.2 

Three  samples  of  Speed  Star,  30  minutes  in  air  and  4  days  under  water, 
gave  120,  95  and  100  pounds  reripectively  ;  average,  105  pounds. 

Two  samples  of  Anchor  Brand,  30  minutes  in  air  and  6  days  under 
water,  gave  62  and  84  pounds  respectively  ;  average,  73  pounds.  One 
sample  of  Black  Acorn,  under  same  conditions,  gave  92  pounds. 

Four  samples  of  Hulme  Star,  30  minutes  in  air  and  7 days  under  water, 
gave  140  pounds  for  3  of  them,  and  100  pounds  for  the  other;  average, 
130  pounds.  Ten  samples  of  Hulme  Star,  30  minutes  in  air  and  10  days 
under  water,  gave  90  pounds  for  the  highest,  60  pounds  for  the  lowest ; 
average,  73.9  pounds.     Two  samples  Speed  Star,  under  same  conditions. 
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gave  60  and  70  pounds  respectivelj%     One  sample  Eiver  Diamond,  under 
same  conditions,  gave  70  pounds. 

SAMPLES   30   MINUTES   IN   AIR    AND   50  DATS    UNDER   WATER. 


Brand. 

No.  Tests. 

Average. 

Lowest. 

Highest. 

Hulme  Star 

Speed  Star 

16 
4 

3 

1G4.3 
123.7 
127.5 
128.3 

100 
110 
125 
125 

202 
140 
130 

130 

25 

150.6 

The  coarse  particles  of  Hulme  Star  cement  stopped  by  a  No.  60  sieve 
were  taken  mixed  with  the  fine  portions  which  passed  a  No.  60  sieve  and 
allowed  to  stand  twenty-four  hours  in  air  with  the  following  results  : 

All  coarse  particles  broke  at  4  lbs. ;  90  per  cent,  coarse  particles  broke 
at  20  lbs. ;  80  per  cent,  coarse  particles  broke  at  40  lbs. ;  70  per  cent,  coarse 
particles  broke  at  78  lbs. ;  60  per  cent,  coarse  particles  broke  at  105  lbs. ; 
40  per  cent,  coarse  particles  broke  at  131  lbs. ;  30  per  cent,  coarse  particles 
broke  at  160  lbs. 

To  ascertain  of  what  value  the  coarse  particles  were,  if  ground,  a  jtor- 
tion  was  taken  and  triturated  until  it  all  passed  a  No.  60  sieve,  molded 
and  allowed  to  stand  thirty  minutes  in  air  and  twenty-four  hours  under 
water,  and  broke  at  62  pounds,  only  10  pounds  less  than  the  average  of  all 
brands  for  the  same  age. 

The  table  below  shows  the  per  centum  of  samples  breaking  within  the 
limit  of  10  pounds  beginning  at  0  and  going  to  170  pounds  by  tens.  The 
accompanying  cvit  expresses  graphically  what  is  shown  in  the  table. 
These  experiments  extend  over  a  period  of  about  three  years,  the 
working  months  of  1883-4-5  : 

Before  closing  this  paper  I  wish  to  acknowledge  ray  indebtedness  to 
Mr.  J.  B.  Speed  and  Mr.  B.  J.  Horton,  of  the  Louisville  Cement  Asso- 
ciation, for  their  assistance  in  gathering  the  facts  set  foi'th  in  the  first 
part  of  this  paper. 

TABLE   SHOWING  DISTRIBUTION  OF  TESTS  30   MINUTES  IN  AIR  AND   24  HOURS  UNDER  WATER. 


0 

10 

20 

30 

40 

50 

60 

70 

Brand. 

Total 

to 

to 

to 

to 

to 

to 

to 

to 

9 

19 

29 

39 

49 

59 

69 

79 

o 0(A)  i 

Hulme  Star I 


o 0(B)  ( 

Speed  Star ( 

o o(C)j 

Queen  City  Star ( 

o o(D)( 

Black  Acorn ) 


No 

Per  cent. 

No 

Per  cent. 


-0(E)  j 


Fern  Leaf. 

o 0(H) 

Anchor  Brand 

River  Diamond.  


All  brards 


■o(K)J 


No 

Per  cent. 

No 

Percent. 

No..     ^. 
Per  cent. 

I  ^■o 

i  Per  cint. 

(No 

\  Per  cent. 

No.   

Per  cent 


4-'4     0 
100      0 

b:\6     2 

100  0.4 

10,1      0 
100      0 

234  5 

100  2.1 

188      6 

100  3  2 


1.37 
100 

r>o 

100 


0 
0 

3 
0.6 

0 
0 

0 
0 

3 
1.6 

0 
0 

0 
0 


2  10  16 

0.5  2.4  3.8 

41  81  74 

7.7  15.1  13.8 

1  13  5 

0.9  12.4  4.8 

4         4  28  39 

1.7     1.7  12.0  16.7 

1       12  35  30 

0.5     6.4  18.6  16.0 


3 

0.7 

15 

2.8 

0 
0 


14       20        9 
9.2     14.6    6.6 

13         7 
2.0    6.0    14.0 


1674    13 
100    0.8 


6        23       75      190     180 
0.4     1.4     4.5     11.3   10.7 


43 
10.1 

85 
15.8 

24 
22.8 

52 
22.2 

33 
17.6 

34 

25.8 

12 
24  0 

283 
16.9 


46 
10.8 

83 
15.5 

2S 
27.6 

37 
15.8 

11 
5.8 

19 
13.9 

13 
26.0 

238 
14.2 
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TABLE  SHOWING   DISTRIBUTION  OF  TESTS  30  MINUTES  IN  AIR  AND  24  HOURS  UNDER  WATER. 

(Continued.) 


80 

90 

100 

110 

120 

130 

140 

150 

160 

Brand. 

to 

to 

to 

to 

to 

to 

to 

to 

to 

89 

99 

109 

119 

r.9 

139 

149 

159 

16i> 

O— 0(A)  (No 62  64  75  53  .33  11  4  2  0 

HulmeStar 1  Per  cent..  14  6  15.1  17.7  12.5  7.8  2.6  0.9  0.5        0 

O 0(B)  (No  61  36  21  19  7  6  1  0          1 

Speed  Star 1  Per  cent..  11.4  6.7  3.9  3.5  1.3  1.1  0.2  0  0.2 


o— ■ 


o(C)JNo 11 


3        3  2  0  0  0 


Queen  City  Star  1  Per  cent..  10.5  5.7  7.6  2.9  2.9  1.9  0         0  0 

o 0(D)  j  No -11  12  8  2  0  2  0          0  0 

Black  Acorn ( Per  cent..  17.6  5  1  3.4  0.9  0  0.8  0         0  0 

O --o(E)(No 14  14  13  8  3  4  10  0 

Fern  Leaf (Percent..     7.5  7.4  6.9  4.3  1.6  2.1  0.5        0  0 

O o(H)(No 18  8  8  5  2  0  0          0  0 

Anchor  Brand /  Per  cent..  1.3.1  5.8  5.8  3.7  1.5  0  0         0  0 

_.        _.            ,              (No 634  100  000 

RiverDiamond ]  Per  cent..  12.0  6.0  8.0  2.0  0  0  0          0  0 

O o  (K)  (  No 213  143  1.37  91  48  25  6    2  1 

All  brands '( Per  cent..  12.7  8.5  8.2  5.4  2.9  1.5  0.4   0.1  0.1 


FROGS    AND    SWITCHES. 


By  George  T.  Sampson,  Member  of  Boston  Society  of  Civil  Engineers. 
[Read  January  20,  1886.] 


The  use  of  frogs  and  switches  would,  perhaps,  better  define  the  partic- 
ular direction  to  which  I  propose  to  confine  my  remarks,  for  I  do  not 
intend  to  enter  into  any  particular  description  and  comparison  of  the 
details  and  merits  of  the  different  kinds  in  use  ;  but  rather  to  a  consid- 
eration of  some  of  the  rules  and  principles  which  govern  their  use  ;  to  a 
discussion  of  some  of  the  mathematical  problems  involved,  and  the 
direction  and  extent  to  which  they  should  be  applied  in  the  actual  work 
of  track-laying ;  and  to  a  consideration  of  simple  ways  of  platting  in 
planning  their  arrangement  in  yards. 

Let  me  first  explain  that  it  is  intended  that  this  paper  shall  apply  only 
to  the  use  of  frogs  and  switches  on  steam  railroads,  where  locomotives 
are  used,  and  not  to  them  as  they  are  used  on  street  railways  for  horse 
cars.  In  the  latter  case,  especially  in  our  own  city  of  crooked  streets, 
where  short  and  constantly  varying  radii  are  used  for  switch  curves,  it 
would  be  found  impracticable  to  adopt  such  methods  as  are  herein  recom- 
mended, and  careful  accuracy  is  absolutely  necessary,  in  order  to  secure 
good  track. 

The  calculation  of  the  elements  of  turnouts,  such  as  the  frog  angles, 
switch  angles,  lengths  of  leads,  and  radii  of  switch  curves  render  neces- 
sary as  full  and  correct  a  knowledge  of  geometry  and  trigonometry  as  do 
any  other  problems  which  an  engineer  is  likely  to  be  called  upon  to  per- 
form ;  and,  when  once  undertaken,  results  of  extreme  nicety  can  be 
obtained  with  nearly  or  quite  as  little  labor  as  approximations  can  be 
arrived  at.  It  is  on  this  account,  and  because  the  limits,  within  which 
the  theory  of  the  calculations  can  be  correctly  applied,  are  almost  infin- 
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ite,  and  because  eveiy  engineer  having  to  do  with  frogs  ought  lo  be 
tlioroughly  conversant  with  all  of  those  principles  that  many  engineers 
wlio  are  tlioroughly  able  men,  and  thoroughly  competent  to  superintend  the 
construction  of  the  bridges,  masonry  and  earthwork  of  a  line  of  railway, 
make  but  a  |)Oor  showing  if  suddenly  called  upon  to  lay  out  the  tracks  of  a 
railway  jard  without  having  had  previous  practical  experience  in  this 
specialty.  To  a  beginner  the  subject  seems  peculiarly  intricate  and 
puzzling,  and  I  have  often  wondered  as  t3  what  extent  Robert  Stephen- 
son, the  father  of  railroads  and  locomotives,  experimented  before  arriv- 
ing at  satisfactorj'  results.  In  the  old  times,  and  even  up  to  compara- 
tively recent  years,  when  called  upon  to  lay  out  a  line  switching  off  to 
right  or  left  of  the  main  track  it  was  customary  to  assume  a  curve  of  a 
degree  best  suited  to  lit  the  ground  desired  ;  to  lay  it  out  tangential  to 
the  main  track  and  afterward  calculate  the  length  of  lead,  frog,  angle,  etc., 
required.  It  is  easy  to  imagine  the  errors  and  perplexities  into  which 
the  pioneers  miglit  have  been  led  on  account  of  lack  of  practical  experi- 
ence in  these  matters,  and  it  is  more  than  likely  that  costly  changes  have 
more  than  once  been  rendered  necessary.  The  theory  of  the  calculations 
will  apply  quite  correctly  with  a  twenty  or  thirty  minute  or  other  easy 
curve  for  a  switch  curve  ;  but  frogs  cannot  be  made  to  do  service  Avith 
points  thinner  than  about  one-half  an  inch,  and  it  is  not  advisable  to  have 
switch  rails  of  excessive  length,  or  longer  than  rails  are  commonly  rolled 
at  the  mills,  as  they  would  necessarily  be  should  such  curves  be  adopted 
for  switches. 

For  the  sake  of  simplicity  and  that  the  subject  may  be  more  easily 
understood,  I  am  assuming  'hat  the  switch  curves  are  laid  off  to  the 
right  or  left  of  a  straight  main  track.  The  matter  of  laying  out  switches 
from  a  curved  mam  line  does  not  vary  essentially  in  practice,  and  the 
only  difference  consists  in  the  change  of  radius  of  the  switch  curve.  As 
above  stated,  frogs  must  have  a  thickness  of  about  one-half  an  inch  at  the 
point,  and  further  than  this  the  taper  or  angle  of  the  point  must  not  be 
too  acute  ;  that  is.  it  must  be  sufficiently  large  so  that  the  distance  used 
in  crossing  tlie  width  of  flange  way,  of  If  to  2  inches,  on  the  acute  angle 
will  not  be  so  great  as  to  afford  insufficient  support  for  the  car  wheels 
passing  over  it.  Moreover,  the  variation  in  the  wheel  gauges  of  cars  of 
the  different  roads  is  so  great  that  the  wheel  flanges  are  often  likely  to 
pass  on  the  wrong  side  of  the  frog  point  if  it  be  very  acute.  It  is  plain 
that  the  radius  adopted  for  the  switch  curve  governs  and  determines  the 
angle  of  the  frog,  and  while  on  the  one  hand  we  can  calculate  a  frog 
angle  for  a  curve  of  any  radius,  we  find  on  the  other  hand  that  we  can 
construct  frogs  which  will  be  practical  and  safe  for  use  only  within  cer- 
tain limits.  These  limits  have  been  found  by  experience  to  be  between 
an  angle  of  3'  11',  or  a  switch  curve  of  3,540  feet  radius  for  an  extremely 
acute  angled  frog,  and  in  the  other  direction  we  are  only  limited  by  the 
sharpest  curve  around  which  the  rolling  stock  can  travel.  The  angle  of 
3°  11'  is  that  of  a  frog  having  a  spread  of  one  foot  in  eighteen  (called  a 
No.  18).  I  have  named  this  angle  as  a  limit  because  it  is  that  of  the 
longest  frog  I  have  ever  heard  of.  It  is,  however,  only  on  rare  occasions 
that  frogs  as  long  as  a  No.  14  or  No.  12  are  required,  and  in  ordinary 
practice  these  are  considered  very  long  frogs  and  not  desirable.    As  in  all 
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Other  cases,  it  is  seldom  necessary  or  well  to  go  to  extremes,  ?o  in  the 
use  of  frogs  it  is  always  best  to  use  the  average  or  medium  angles.  Even 
within  these  average  limits  the  choice  of  angles  offered  is  very  great. 

In  times  past  it  was  the  custom  to  go  upon  the  ground,  assume  the 
position  for  a  proposed  new  frog,  determine  the  direction  in  which  it 
was  desired  to  go,  and  by,  perhaps,  using  a  transit,  stretching  a  string, 
or  by  some  other  less  accurate  method,  ascertain  the  distance  in  which  a 
spread  of  one  foot  was  obtained,  and  then  have  a  frog  made  at  the  rail- 
road shops.  This,  of  course,  resulted  in  a  great  diversity  of  angles,  and 
scarcely  any  two  frogs  were  made  alike  or  were  interchangeable.  This 
practice  was  finally  superseded  by  that  of  making  frogs  having  a  spread 
of  1  foot  in  6  feet,  1  in  7, 1  in  8,  1  in  9,  1  in  10, 1  in  11,  1  in  12,  etc.,  and  with 
this  variety  there  was  ample  room  for  choice  in  all  case-.  Probably  in 
the  majority  of  the  railroads  of  this  country  the  roadmasters  are  free  to 
select  any  one  of  the  above  named  frogs  which  they  may  see  fit,  but  it  is 
surprising  to  see  to  what  extent  even  this  variety  can  be  narrowed 
down.  In  the  issue  of  the  Railroad  Gazette,  published  December. 
4,  1885,  there  are  shown  drawings  of  the  "  Standard  Turnouts  and 
Crossings  of  the  Pennsylvania  Railroad."  These  drawings  show  the  use 
of  No.  8  and  No.  10  frogs  for  turnouts  and  cross-overs,  and  also  a  three- 
throw  switch  for  No.  8  frogs.  A  three-throw  of  No.  8  frogs  requires  a 
No.  5fjy  crotch  frog.  As  per  these  drawings  we  see  the  choice  of  the 
P.  R.  R.  narrowed  down  to  three  angles,  and  for  work  on  the  main  line, 
outside  of  yards,  the  room  for  choice  is  ample.  As  far  as  it  is  possible  to 
lay  down  a  rule  for  such  cases  my  own  opinion  would  be  that  a  choice 
of  two  frogs,  a  No.  9  and  No.  6^,  would  be  as  good  as  the  thi'ee 
above  named.  A  No.  6^^  is  the  proper  crotch  frog  for  a  three- 
throw  switch  of  No.  9  frogs.  For  proper  reasons  I  should  prefer 
a  No.  9  frog  before  either  a  No.  8  or  No.  10.  With  reference  to  the 
question  of  safety  and  practical  utility  of  the  frogs  themselves, 
there  is  scarcely  room  for  choice  between  a  No.  8,  a  No.  9  and  a  No.  10, 
but  the  curvature  of  tlie  switch  lead  varies  respectively  from  a  10°  to  an  8* 
and  6'  18'  curve.  Undoubtedly,  as  far  as  theory  is  considered,  the  easier 
curve  is  to  be  preferred,  but  it  is  found  that  the  heaviest  of  "  Mogul  "  and 
Consolidation  locomotives  traverse  a  short  curve  of  8°,  10°,  or  12°,  without 
difficulty,  and,  therefore,  there  is  no  practical  reason  to  be  urged  against 
a  No.  9,  as  compared  with  a  No.  8  or  No.  10.  Assume  some  of  the  ruling 
dimensions  which  would  seem  to  form  the  best  combination  for  a  first- 
class  turnout  and  enter  into  a  solution  of  some  of  the  problems  : 

Let  the  frog  angle  F  =  a  spread  of  1  foot  in  9  feet  =  Nat.  sine  of  angle 
6°  22'. 

Let  the  switch  angle  S  =  a.  spread  of  4|  inches  in  15  feet  =  Nat.  sine  of 
angle  1°  26'. 

Let  the  gauge  (/  be  4  feet  8|  inches  =  4.73  feet. 

Let  the  space  (/  be  4|  inches  at  the  heel  of  a  15-foot  ijoint  switch. 

Then    by   a    strictly  correct  calculation    the  distance   from  heel  of 
switch  to   point  of    frog  should  be  obtained  by  a  solution  of  the  for- 
mula :  _        ,      ,  g  —  d 
Frog  lead  =  - — 


Sine  of  '  '^  ' 


(.+ 
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Witli  the  vise  of  the  above  dimensions  the  solution  of  the  formuhi  gives  a 
distance  of  64.01  feet  from  heel  of  switch  to  point  of  frog,  or  a  little  more 
than  the  combined  lengtli  of  two  thirty-foot  rails  ;  that  is  enongh  more  to 
admit  of  a  jjroper  length  of  wing  rail  between  the  point  and  tiiroat  end 
of  frog.  In  purcliasing  steel  rails  upward  of  90  per  cent,  of  (juautity 
purchased  can  always  be  counted  upon  as  coming  in  lengths  of  30  feet 
each.  These  lengths  are,  therefore,  always  to  be  obtained  readily,  and 
any  practice  which  accepts  and  allows  of  their  use  in  the  same  form  as 
when  first  received  from  the  mill,  without  requiring  the  performance  of 
other  labor  in  order  to  work  them  into  proper  shape,  necessarily  results 
in  econoni}'.  The  length  of  15  feet  for  the  switch  rail  was  assumed 
from  the  fact  that  a  pair  of  points  could  be  made  from  one  30-foot  rail 
witliout  waste  of  material.  On  the  New  York  &  New  England 
Railroad  the  selection   of  the  length  of  twelve  and  one-half  feet  for 

TURNOUT      FROM     TRACK      LAID      WITH      ALTERNATE       JOINTS. 
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a  standard  No.  9  frog  was  also  in  part  caused  by  the  fact  that 
one  30-foot  rail  would  make  one  frog;  and  further,  for  the  reason, 
that  with  frogs  of  this  length,  and  with  lo-foot  point  switches,  a 
turnout  can  always  be  laid  without  cutting  rails  or  introducing  short 
pieces.  This  arrangement  can  be  best  understood  by  reference  to  the 
drawing  Fig.  1.  With  the  adoption  of  a  length  of  12^  feet  for  the  frog, 
with  5^  feet  from  heel  to  point;  with  15  feet  for  the  length  of  switch 
rail;  and  with  two  30-foot  rails  for  the  length  of  lead,  a  combination  is 
effected  which  besides  possessing  the  advantages  of  economy  in  material, 
time  and  labor,  as  far  as  they  can  be  attained  by  the  adherence  to  any 
one  rule,  is  also  one  not  easily  forgotten  or  liable  to  be  laid  wrong  by 
section  foremen.  In  this  way  uniformity  is  easily  secured.  The  switch 
lead  will  be  three  feet  longer  than  the  calculated  length,  and  the  curve 
will  necessarily  be  compounded,  but  there  will  be  no  irregularity  visible 
to  the  eye,  and  locomotives  pass  and  repass  daj-  after  day  around  curves 
even  far  more  irregular  than  in  the  instance  given  without  trouble  or  in- 
jury, and  this  theoretical  objection  passes  for  naught.  I  do  not  desire  to 
be  understood  in  this  matter  as  advising  that  variations  in  switch  leads 
could  be  made  indiscriminately,  but  I  wish  to  emphasize  the  idea  that 
witliin  the  limits  of  reason  and  judgment,  which  is  founded  on  a  correct 
knowledge  of   the  theories,  supplemented   by   considerable  practical  ex- 
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pei'ience,  there  is  room  for  a  departure  from  the  strict  rules  of  mathe- 
matics with  advantage  and  economy. 

"With  reference  to  platting  frogs,  I  will  try  to  make  plain  a  practice 
which  I  am  accustomed  to  follow  by  reference  to  the  accompanying 
drawing,  Fig,  2.  I  have  assumed  a  case  which  might  be  a  very  common 
occurrence.  Suppose  it  was  desired  to  connect  a  track  which  is  to  run 
parallel  and  beside  a  building  with  a  main  track  laid  with  a  2°  curve,  pass- 
ing as  shown  in  the  sketch.  With  the  use  of  a  set  of  flat  curves  made  of 
zinc,  hard  rubber  or  other  suitable  substance,  on  a  scale  say  of  50  feet 
per  inch,  with  one  for  each  degree  or  quarter  degree  of  curvature,  I  see 
quickly  that  it  will  require  about  a  16°  curve  to  make  the  connection. 
After  laying  it  on  the  plat,  I  select  a  point  where  the  16°  and  2°  curves 
seem  to  be  about  4.73  feet,  or  gauge  distance,  apart,  as  approximately 
the  frog  point.  Knowing  that  the  curve  is  about  16°,  and  that  any  switch 
curve  out  of  the  inside  of  a  2°  curved  main  line  would  be  just  about  so 
much  sharper  than  it  would  be  if  from  a  straight  main  line,  I  see  at  once 
that  the  frog  should  be  of  such  a  number  as  would  require  about  a  14° 
curved  switch  lead  from  a  straight  track.  The  frog  most  nearly  answer- 
ing these  requirements  is  a  No.  6i.  Now,  having  assumed  the  frog  point 
at  A,  I  proceed  to  lay  off  the  angle  as  follows  :  First  scale  a  chord  of  lOO 
feet  along  the  main  track.  With  the  use  of  Henck's  tables  I  see  that  the 
tangent  deflection  for  a  100-foot  chord  on  a  2°  curve  is  1.75  feet. 
The  spread  of  a  No.  6^  frog  in  100  feet  amounts  to  15.4  feet, 
and  by  scaling  from  centre  of  main  track  at  5  a  distance  of 
15.4  feet  plus  4.73  feet  (or  gauge)  minus  1.75  feet,  the  tangent 
deflection,  the  point  C  is  obtained,  which  marks  the  frog  direction. 
Bv  drawing  the  line  A  C  through  the  line  F  E  produced,  we  obtain 
the  point  D  as  the  intersection  of  tangents.  Then,  by  scaling  from  A  to 
D  and  laying  off  an  equal  distance  toward  E,  we  find  that  the  P  T  falls 
short  of  but  near  the  corner  of  the  building.  The  minimum  clearance 
distance  of  6  feet  is,  therefore,  maintained,  and  our  trial  point  for  the 
frog  at  A  is,  therefore,  satisfactory.  Had  it  proved  unsatisfactory,  it  is 
but  a  short  process  to  make  another  trial  by  moving  the  point  of  frog  a 
few  feet  to  right  or  left  of  the  one  first  assumed  at  A.  To  complete  the 
plat  it  onl\  remains  to  scale  off  from  A  the  length  of  lead  adopted  as 
standard  for  a  No.  6^  frog,  mark  the  point  of  switch,  and  draw  in  the 
switch  curve.  It  would  have  been  quite  as  easy  to  have  ascertained  the 
proper  point  for  placing  a  frog  of  any  other  angle  than  that  of  a  No.  6^, 
had  it  been  so  desired,  by  applying-  the  same  reasoning,  and  by  substi- 
tuting, in  place  of  the  15.4  feet  used  at  C,  a  distance  corresponding  to 
the  angle  of  frog  desired.  It  is  more  than  likely  that  the  latter  case  would 
be  the  one  most  commonly  adopted  in  actual  practice  (except  in  entirely 
new  work),  on  account  of  the  fact  that  it  is  generally  necessary  to  choose 
from  frogs  on  hand,  and  select  the  one  of  an  angle  nearest  that  desired. 
In  the  present  instance,  the  choice  of  a  No.  Ql  was  caused  by  the  desire 
to  have  a  uniform  curve  from  the  point  of  switch  to  the  P  T  near  E. 
Had  a  No.  9  frog  been  used  instead,  while  the  curve  from  Aio  E  would 
have  been  somewhat  sharper  than  a  16°,  the  curve  from  A  to  point  of 
switch  would  have  been  about  a  10°.  I  say  about  a  10°  curve,  knowing 
that  there  is  some  variation  from  that  figure,  but  not  a  great  deal.     It  is 
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not  a  matter  of  any  importance  to  know  just  what  the  precise  degree  of 
curvature  is,  because^the  approximation  satisfies  me  that  the  curve  is 
within  practical  hmits  quite  as  well  as  would  the  most  precise  calcu- 
lation. Had  the  main  track  been  straight  instead  of  a  2°  curve,  as 
shown  in  Fig,  2,  the  process  of  platting  would  have  been  somewhat 
simpler,  because  the  consideration  of  the  tangent  deflection  would  not 
have  entered  the  case.fi  In  laying  off  the  frog-angles  from  curves,  it  is 
not  always  possible  or  advisable  to  use  the  chord  of  100  feet,  but  to  any 
one  familiar  with  curves,  it  is  but  a  simple  matter  to  calculate  the 
tangent  deflection  and  spread  of  the  frog  for  any  length  of  chord  desired. 
"With  a  knowledge  of  these  theories,  and  with  the  use  of  a  common  tape 
and  a  couple  of  range  poles,  this  platting  can  be  done  upon  the  ground 
itself,  and  the  frogs  located  and  curves  laid  out  with  all  the  nicety 
that  is  commonly  required  in  the  case  of  single  switches. 

When,  however,  there  is  a  considerable  system  of  switches  to  be  laid 
out,  it  is  always  best  and  necessary  to  prepare  a  correctly  plotted  plan 
in  order  that  complete  schedules  of  all  material  required  may  be  pre- 
pared, and  the  material  ordered  and  delivered  on  the  premises  before 
work  is  begun.  -    Z^S^^W^^::     SSSS^f  t-- 

There  is  room  for  a  great  deal  of  careful  and  intelligent  study  in  the 
arrangement  of  plans  for  switches  in  yards,  more  study,  in  fact,  than 
the  subject  commonly  receives.  Too  often  the  tracks  are  laid  one  by 
one,  as  occasion  requires,  in  (for  the  time  being)  the  cheapest  possible 
way,  and  in  the  course  of  time  the  yard  presents  itself  a  large  mass  of 
enaky  and  unsightly  curves,  acknowledged  by  all  to  be  inconvenient  and 
expensive  to  operate,  but  yet  so  occupied  by  the  rush  and  pressure  of 
business,  that  the  space  can  seldom  be  spared  long  enoiigh  to  make  a 
change  radical  enough  to  effect  a  material  improvement. 

The  more  carefully  and  minutely  the  plan  is  worked  up  beforehand, 
the  more  correct  and  complete  can  the  schedule  of  materials  be  pre- 
pared ;  and,  consequently,  the  use  of  material  will  be  more  economical 
and  few  or  no  delays  will  be  occasioned  for  the  want  of  special  fittings. 
The  work  can  be  pushed  with  dispatch,  the  plan  can  be  more  closely 
adhered  to,  and  the  work  will  much  more  likely  be  presentable  when 
finished.  The  degree  of  merit  in  the  work  when  finished  will  depend  on 
the  qualifications  and  ability  of  the  engineer  in  charge. 


HILL-SIDE    DRAINAGE. 


By  John  L.  Culley,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 
[Read  February  9,  1886.] 

On  the  left  bank  of  Doan  Brook,  Cleveland,  immediately  to  the  south- 
east of  the  junction  of  Ansel  avenue  and  Crawford  street,  stands  a  soli- 
tary shaft  surmounted  by  a  cog-wheel,  that  designates  the  location  of 
the  once  famous  Crawford  grist-mill.  There  was  a  dam  across  Doan 
Brook  a  short  distance  above  this  mill,  whence  was  supplied  the  motive 
power  to  this  and  to  a  saw-mill  some  900  feet  farther  down  stream  through 
a  mill-race,  which,  after  crossing  Crawford  road,  hugged  the  foot  of  the 
high  brook-bank  all  the  way  to  the  saw-mill.     At  this  lower  mill,  the 
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water,  descending  some  13  or  14  feet,  again  united  with  the  brook  loO 
feet  below  the  lower  mill.  These  two  mills  were  erected  by  the  Craw- 
fords— the  grist-mill  in  1816  or  1818,  and  the  saw-mill  in  1845,  and  were 
operated  by  the  proprietors  according  to  their  convenience,  the  demand 
of  their  neighbors,  or  the  stage  of  the  water.  Long  since  both  mills  have 
been  abandoned,  and,  gradually  falling  to  decay,  have  disappeared.  Be- 
yond the  solitary  shaft  there  is  scarcely  anything  to  designate  the  loca- 
tion of  the  grist-mill,  while  now  there  is  not  a  vestige  of  the  old  saw-mill 
left,  which  three  years  ago  was  designated  by  a  few  remaining  heavy 
timbers.  The  mill-race  thus  abandoned  gradually  filled  up.  The  high 
brook  banks  were  full  of  live  springs,  causing  numerous  land- 
slides, which  in  some  cases  nearly  closed  up  the  water-way.  Thus 
it  was,  as  time  went  on,  that  the  race  and  the  side-hill  became 
one  immense  quagmire,  impassable  to  man  or  beast.  The  bed  of 
the  race  then  tilled  with  stagnant  water,  fed  by  rain  and  the  springs 
above,  and  the  side-hill  was  a  livid  body  of  quicksand,  mud  and 
dirty  water.  Besides  being  an  unsightly  object  and  a  depreciation 
to  the  otherwise  picturesque  and  valuable  property,  it  gave  off, 
during  the  warm  seasons,  a  disagreeable  odor,  while  the  people  in. 
the  immediate  vicinity  were  in  great  danger  of  malarial  diseases. 
The  Heard  family,  of  architectural  fame,  were  for  years  the  proprietors 
of  this  property.  They  and  their  successors  made  several  attempts  to 
remove  from  the  estate  this  cancer  ;  for,  like  a  cancer,  this  quagmire  grew 
larger  and  larger  year  by  year.  Their  money  was  uselessly  expended, 
for  their  efforts  were  ineffectual.  It  was  not  until  the  present  owner, 
Mr.  J.  K.  Bole,  took  possession  of  this  property  that  a  systematic  plan 
for  the  removal  of  all  these  nuisances  was  inaugurated.  Late  in  the  fall 
of  1883,  Mr.  Bole  called  my  attention  to  this  matter,  with  the  request 
that  it  be  looked  over  with  a  view  to  its  complete  removal.  The 
problem  to  me  was  a  tough  one,  and  I  must  confess  that  when  the 
system  of  treatment  had  been  adopted,  I  had  grave  doubts  of  its  complete 
success,  which  were  not  removed  until  the  system  was  executed. 

The  race  was  maintained  by  a  good,  strong  earth  embankment  between 
it  and  the  brook.  The  hill-side  rose  abruptly  at  the  farther  edge  of  the 
race  to  heights  varying  from  15  to  80  feet,  and  was  composed  of  a  subsoil 
of  yellow  sand  lying  on  a  heavy  bank  of  hard  blue  clay,  and  under  a  dark 
surface  soil.  The  clay,  being  impervious  to  water,  was  free  from  si^rings, 
and  accounted  for  the  presence  of  the  numerous  springs  in  the  lighter  soil 
above  the  clay  ;  and  that  in  the  strips,  Fig.  1,  being  entirely  of  hard  clay, 
we  encountered  no  spring  water,  and  in  the  wider  strip  B,  same  Fig. ,  a  few 
small  springs  appeared,  as  it  was  comijosed  mainly  of  clay,  but  enough 
of  the  lighter  soil  to  allow  the  passage  of  water  over  and  through  it. 
The  presence  of  this  bank  of  clay  also  accounted  for  the  fact  that  the 
springs  appeared  only  high  up  on  the  hill-side.  It  v/as  this  high  loca- 
tion of  thesprings  that  caused  all  the  trouble  with  the  hill-side,  and  mate- 
rially increased  the  difficulties  to  be  overcome  ;  for  it  is  apparent  that 
had  the  springs  appeared  only  at  the  foot  of  the  slope,  the  hill-side  would 
have  been  little  affected  with  land-slides,  and  the  water  could  have  been 
readily  removed.  Previous  attempts  to  solve  this  case  had  been  confined 
to  efforts  to  remove  the  water  by  short  lines  of  unfiltered  tiles  laid  in 
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trenches  up  the  hill  side  from  the  water-way.  An  examination  showed 
that  these  tiles  had  failed  either  to  do  their  work,  or  to  effect  a  hold 
upon  the  steep  slopes.  They  and  the  accompanying  slopes  had  slipped 
down  into  the  water-way.  Evidently  the  complete  removal  of  all  water, 
either  live  or  stagnant,  was  of  first  importance ;  and  whatever  system 
was  to  be  employed,  it  should  be]of  a  permanent  character  To  be  prac- 
tical, the  work  sliould  be  of  the  least  cost.  By  reference  to  the  plan 
(Fig.  1),  it  will  be  noticed  that  the  spiings  were  not  confined  to  the  hill- 
side within  the  inclosure,  but  existed  in  Ansel  avenue  and  beyond.  As 
these  affected  the  hill-sides  within  the  inclosure,  they  came  also  within 
the  scope  of  our  treatment. 


After  making  a  thorough]survey  and  examination  of  the  case,  it  was 
decided  a  pipe  drainage  would  be  the  most  effectual,  and  immediate 
steps  were  taken  to  execute  the  plan.  First,  the  old  I'ace-way  was 
opened  at  its  lower  end  deep  enough  to  remove  all  stagnant  water,  and 
a  trench  was  cut  throughout  the  whole  length  of  the  raceway  in  which, 
after  all  stagnant  water  had  been  removed,  a  six-inch  pipe  main  was 
laid  at  a  grade  of  0.6  to  100,  so  that  all  water  conveyed  to  the  main 
would  be  quickly  removed.  Open  trenches  were  then  cut  into  the  wet, 
springy  slopes,  and  thus  from  them  were  removed  all  standing  and  live 
waters.  "When  these  ^trenches  had  been  sufficiently  drained,  four-inch 
pipes  were  placed  within  them.  From  these,  in  like  manner,  two-inch 
pipes  were  carried  to  wherever'a  spring  could  be  detected.  The  four- 
inch  pipes,  in  order  to  lessen  their  gradients,  were,  wherever  possible, 
carried  across  the  slopes  asj'they  were  carried  upward  All  the  pipes 
were  laid  in  abundance  of  proper  filtering  material,  to  prevent  the  pipe 
filling  up  with  silt.  At  the  time  of  cutting  the  trenches,  numerous 
springs  were  apparent,  and^were  therefore  immediately  drained  away. 
Undoubtedly  there  were  other  springs  that  then  remained  undrained, 
but  the  soil  around  them  was'too  wet  to  allow  their  detection,  and  the 
system  was  then  allowed  to  remove  this  water,  that  the  remaining 
springs  might  be  detected.  It  was  most  important  that  every 
spring  be  removed  ;  for  the  moment  the  spring  had  gained  a  head 
whose  pressure  exceeded  thej'resistance  of  the  overlying  material, 
it    would  compel  the  material  to  give   way  ;  and  if  many  were  left 
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thus  unprovided  for,  tlie  slope  would  soon  be  in  its  original  condition. 
This  subject  of  the  proper  removal  of  spring  water  from  hill-sides  upon 
which  au  embankment  is  to  be  placed,  is  one  that  has  been  too  frequently 
overlooked.  Within  the  last  year  an  engineer  of  experience  advocated 
the  placing  of  a  retaining  wall  at  the  foot^of  an  embankment,  to  resist  the 
effect  of  the  underlying  springs  issuing  from  the  hill-side  above  the  foot 
of  the  slope.  Nothing  could  be  more  fallacious.  The  moment  the  springs 
accumulate  a  head  whose  descending  force  exceeds  the  united  resistances 
of  the  retaining  wall  and  the  embankment,  both  the  retaining  wall  and 
the  embankment  will  go,  and  often  with  disastrous  effects  beyond.  Of 
course,  the  retaining  wall  could  be  made  strong  enough  to  overcome  any 
head  the  water  behind  it  might  ever  obtain,  but  would  be  of  most  extrava- 
gant construction.  A  retaining  wall  may  be  employed  to  reduce  the 
lower  slope  length,  but  when  so  used  every  precution  should  be  exercised 
to  remove  all  water  from  behind  it.  Moreover,  the  stability  of  an  em- 
bankment is  materially  weakened  by  resting  on  a  wet  foundation. 

When,  therefore,  we  had  connected  as  many  springs  as  could  be  de- 
tected, the  system  was  left  to  drain  the  soil  dry.  In  a  surprisingly  short 
time  it  was  possible  to  walk  over  this  territory  in  any  direction.  Small 
and  obscure  springs  began  now  to  show  themselves.  Wet  spots  on  the 
surface,  unaffected,  by  the  drainage,  indicated  their  presence,  and  they 
were  accordingly  connected  with  the  drains.  This  process  was  repeated 
until  all  springs  had  been  taken  up.  During  the  whole  process  the  pipe 
trenches  were  kept  open,  to  facilitate  connections  and  to  readily  locate 
the  lines  of  drainage.  At  the  end  of  two  months  every  spring  had  dis- 
appeared ;  the  trenches  were  then  filled  up,  the  top  of  the  hill-side  graded 
off,  and  the  race-way  filled  up.  And  to-day  all  evidences  of  the  old  water- 
course are  gone.  The  total  output  of  spring  water  is  some  160  barrels 
per  day,  and  the  supply  remains  nearly  constant  the  year  round. 
Besides  this  area,  there  were  several  good-sized  breaks  in  the  brook  bank 
similarly  treated,  making  the  total  area  redeemed  more  than  2  acres,  at 
a  cost  of  less  than  $1,100,  or  at  a  price  less  than  the  value  of  actual  land 
reclaimed,  while  the  whole  property  was  thereby  enhanced  in  value 
many  thousand  dollars. 

There  is  much  discussion  as  to  what  is  the  proper  material  for  pipe 
filter.  Planing-mill  shavings  were  used  with  excellext  results  through- 
out this  work.  Objection  has  been  made  to  them,  that  as  they  were  put 
in  places  that  were  alternately  thoroughly  wet  and  thoroughly  dry, 
they  were  perishable  and  would  soon  rot  out,  allow  the  silt  to  run  in  and 
fill  up  the  pipes.  My  experience  has  been  the  contrary  of  this  conclu- 
sion. Pipes  laid  in  this  filter,  years  ago,  are  now  doing  as  good  service 
as  when  first  set.  It  makes  a  thorough  filter,  excluding  the  soil,  while 
the  water  passes  freely  through  it,  and  its  capillary  attraction  keeps  it 
always  wet  and  prevents  decay.  It  is  with  us  the  best  as  well  as  the 
cheapest  practical  filter.  Hay  and  straw  are  not  to  be  compared  to 
it.  I  regard  broken  stone  and  furnace  cinders  both  as  liable  to  be  choked 
up,  while  their  cost  would  be  an  item  against  their  use.  If  there  is  dan- 
ger of  the  pipes  filling  with  roots,  the  joints  should  be  protected  by 
proper  bandages  of  cotton  cloth,  paper,  &c.  The  filter  material  should 
be  applied  liberally  throughout  the  whole  length  of  the  pipe,   so  that 
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when  the  water  is  conveyed  to  it,  it  Avill  be  at  once  carried  into  the  pipe. 
If  tlie  pipe  is  liable  to  be  distorted  from  its  alignment  by  the  load  after- 
ward to  be  placed  upon  it,  it  is  recommended  to  place  plank  under  it. 

This  method  of  treatment  is  best  illustrated  by  a  case  handled  some 
years  ago  (Fig.  2). 

The  location  was  on  a  hillside,  about  30  feet  above  the  foot  of  the  hill. 
A  pocket  of  quicksand  some  60  feet  in  diameter  was  found  between  two 
spur  slopes.  The  lower  side  of  the  pocket  had  for  some  reason  become 
choked  up,  and  a  10-foot  pole  failed  to  touch  hard  bottom.  While  the 
most  natural  way  would  be  to  have  carried  a  drain  directly  into  the  basin, 
an  examination  showed  that  it  was  fed  by  numerous  springs  on  the  slope 
farther  up  than  the  pocket  itself  ;  and,  therefore,  a  pipe  line  carried  into 
the  basin,  if  it  had  been  possible,  would  have  remedied  matters  but 
little.  The  springs  must  be  drained  to  abate  the  nuisance.  Pipes,  there- 
fore, were  carried  around  on  either  side,  and  the  springs  drained  off. 
The  water  being  thus  carried  away  from  the  source,  the  basin  soon  from 


natural  causes  dried  up  and  ceased  to  be  troublesome.  A  decided 
advantage  of  the  treatment  is  the  economical  placement  of  the  drains, 
and  that  they  are  used  only  where  needed,  and  the  water  is  entirely 
carried  off.  It  is  only  just  to  say,  in  conclusion,  that  both  these  cases 
were  executed  by  Mr.  Henry  Wood,  member  of  this  club,  and  to  his  intel- 
ligent handling  is  principally  due  their  success. 


ENGINEERING  AND  MECHANICAL  PROBLEMS  IN  COOK'S  STOVE 
CONSTRUCTION. 


By  Jos.  Leon  Gobeille,  Member  of  the  Civil  Engineers'  Club  of 
Cleveland. 

[Read  January  13,  1886.] 

The  evolution  of  the  cooking-stove  is  a  subject  in  which  I  have  taken 
much  interest  of  late  ;  for  I  have  come  to  realize  that  the  poetic,  and 
much  vaunted  fireside,  with  its  back-log,  flickering  embers  and  home- 
making  influences,  has  gotten  itself  changed,  in  these  practical  times, 
into  a  simple  cooking-stove,  in  upwards  of  one-half  of  the  households  of 
om-  land.  Around  its  heat-radiating  sides  gather  the  family  circle  of  our 
poorer  classes  ;  from  which  we  will  draft  the  bone  and  sinew,  and,  I 
might  add,  the  greater  part  of  the  brain  as  well,  of  our  to-morrow  ;  and 
if  it  hold  good  then  as  now  that  the  way  to  a  man's  heart  and  affections 
lies  through  his  stomach,  or  that  being  well  fed  is  the  half  of  content 
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ment,  tlien  the  cooking-stove  is  a  prime  factor  of  importance  from  a 
socialistic  point  of  view. 

Who  invented  this  thing  as  we  know  it  to-daj%  is  a  question  we  will 
not  try  to  answer  ;  nor  will  I  weary  you  by  tracing  its  development,  in 
detail,  from  the  time  of  that  pre-historic  matron,  who,  lighting  her  fire 
in  a  niche  of  rock  by  means  of  diligent  rubbing  together  of  rotten  wood, 
broiled  her  fish  or  fowl  upon  the  glowing  coals  ;  down  through  tlie 
iVnglo-Saxon  mother's  time  of  brazier  and  lighted  slow-match,  to  our 
own  fore-mother's  day  of  revolutionary  years,  whose  vaulted  fire-place, 
with  crane  to  swing  the  steaming  pot  and  stir-line  to  turn  the  toothsome 
bird  upon  the  spit ;  she  lighted  her  fire  with  the  flint  and  steel,  and  doubt- 
less sighed  in  pity  o'er  her  older  sister's  trials. 

About  this  time  that  distinguished  American,  Benjamin  Franklin, 
began  to  be  known  as  an  investigator  of  the  science  of  cookery,  which 
grew  out  of  his  researches  into  the  nature  of  heat. 

Later  came  another  American,  Benjamin  Thompson  by  name,  to  whom 
the  world  owes  much,  as  he  was  the  first  to  demonstrate  that  heat  was 
but  a  mode  of  motion.  The  Bavarian  king  had  made  him  Count  Rum- 
ford  in  recognition  of  his  services  in  this  direction,  and  the  well-authen- 
ticated results  of  his  practical  experiment'5  in  cookery  have  never  been 
surpassed — indeed,  scarcely  equaled — to  this  day. 

After  Count  Rumford  came  Dr.  Eliphalet  Nott,  then  President  of 
Union  College,  who,  mainly  devoting  his  researches  and  experiments  to 
stoves  adapted  to  heating  purposes,  still  added  valuable  data  to  our 
subject. 

Of  course,  their  best  constructions  were  very  crude  compared  with 
the  average  of  to-day  ;  but  the  publicity  given  to  the  results  obtained  by 
them  set  others  thinking,  and  brought  up,  through  the  influence  and 
advice  of  Dr.  Nott,  that  price  of  stove  designers,  Nicholas  Schwartz 
Vedder,  who  embarked  in  the  business  of  designing  and  manufacturing 
stove  patterns,  in  the  then  village  of  Troy,  N.  Y.,  in  the  spring  of  1831, 
and  to  whom  we  owe  the  greater  part  of  our  modern  conveniences  in  the 
cooking  stove,  either  as  absolute  inventor  or  else  the  man  who  worked 
out  the  idea  and  made  it  practical.  Of  course  many  other  worthy  names 
crowd  to  my  memory,  among  them  being  P.  P.  Stewart,  of  Troy ;  Denis 
Littlefield,  of  Albany;  D.  Harris,  of  Cincinnati  ;  and  Jordan  L.  Mott,  of 
New  York  City;  but  brilliant  as  these  men  were  and  are,  Messrs.  Little- 
field  and  Harris  being  still  living,  the  enduring  fame  will  be  about  the 
name  of  N.  S.  Vedder. 

Notwithstanding  the  importance  of  the  subject,  or  the  fact  that  up- 
ward of  four  hundred  firms  are  engaged  in  the  manufacture  of  cooking- 
stoves  in  this  country,  with  millions  of  money  invested  in  plant  and 
patterns,  there  is  scarcely  any  literature  bearing  directly  upon  it ;  none 
whatever,  in  fact,  excepting  fugitive  papers  and  essays  only  to  be  seen 
by  the  tedious  process  of  search  through  the  files  of  trade  journals.  Some 
have  gone  for  knowledge  to  the  records  of  notable  actions-at-law  between 
stove  founders  ;  but  a  more  unsatisfactory  text-book  could  scarcely  be 
thought  of  ;  for,  though  upward  of  $100,000  were  expended  in  a  single 
suit  to  get  at  the  truth  in  respect  to  the  state  of  the  art  at  the  time  of 
the  issue  of  the  patents  on  the  so-called  anti-clinker  grate,  the  learning 
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shown  forth  in  the  thousands  of  pages  of  testimony  would  not  be  worth 
the  acquirement  if  it  cost  the  time  necessary  to  wade  through  the  printed 
evidence  alone. 

The  cooking-stove  we  shall  discuss  (which,  to  begin  properly,  should 
be  written  thus  :  "  Cook's  Stove")  is  familiar  to  all  of  you.  We  will 
assume  that  the  size  is  denominated  8-20,  which  means  that  there  are 
four  boiler  holes  to  take  8-inch  ware,  and  a  20  X  20-inch  oven  to  take 
four  10-inch  pie-pans.  It  is  a  curious  fact  in  this  connection  that  stove 
manufacturers  are  entirely  dependent  upon  the  makers  of  pie-pans  for 
the  sizes  of  their  oven  bottoms — stoves  being  designed  to  fit  pie-pans, 
and  not  pie-pans  stoves.  We  will  divide  the  demands  made  upon  the 
cook's  stove  designer  into  two  general  classes  :  the  utilitarian  and  the 
mechanical.  From  a  utilitarian  point  of  view,  the  desired  elements  are: 
a  fire-box,  economical  of  fuel,  and  so  constructed  that  the  increased  heat 
and  consequent  expansion  there  will  not  cause  parts  to  press  outwardly 
against  their  environment  with  such  power  as  to  crack  the  stove  ;  flues 
so  proportioned  as  to  draw  well  in  any  kind  of  chimney,  or  even  in  the 
open  air  with  two  lengths  of  stove-pipe  erected  ;  an  oven  that  will  bake 
well  on  the  bottom,  equally  over  its  whole  surface,  and  brown  nicely  on 
top  without  danger  of  burning ;  a  reservoir  for  boiling  water,  but  so  con- 
structed as  not  to  chill  the  oven  while  in  use.  Among  the  mechanical 
requirements  are  :  extreme  lightness  of  metal ;  great  care  that  the  plates 
may  be  molded  cheaply,  and  cast  without  losing  form,  being  strained 
or  becoming  crooked  ;  and  a  realization,  at  every  step,  of  these  facts 
gained,  this  cook's  stove  of  fifty  or  seventy-five  separate  pieces  must  go 
together  with  so  little  fitting  that  the  entire  cost  for  labor,  from  being 
shaken  out  of  the  sand  to  the  inspection  of  the  finished  stove,  shall  not 
exceed  $2.50,  and  that  the  interchangable  system  of  parts  is  absolutely 
required. 

The  mechanical  difficulties  to  be  overcome  by  the  designer  ;  the  excep 
tional  skill  demanded  of  the  pattern-maker  ;  the  care  and  expertness 
required  of  the  molder  ;  and  the  intricacies  of  movement  and  nicety  of 
placement  demanded  to  properly  mount  together  so  many  pieces  of  very 
thin  cast  iron,  so  that  they  will  stand  shipment  long  distances,  and 
meet  the  requirements  of  daily  use  in  the  hands  of  persons  notably  un- 
skilled in  mechanical  manipulation  ;  these  are  some  of  the  points  I  wish 
more  particularly  to  dwell  upon  at  tliis  time.  The  first  thing  to  do  if 
you  contemplate  building  a  cook's  stove  is  to  make  a  rough  perspective 
sketch  of  an  original  design  in  ink  or  charcoal  ;  from  this  make  your 
working  draft  (Fig.  1) ;  the  section  black,  the  plan  red,  and  the  altera- 
tions or  changing  pieces  green. 

Very  likely  you  will  be  required  to  make  your  stove  a  given  weight, 
in  that  event  the  calculations  must  go  on  while  making  the  drawing  and 
will  be  in  the  nature  of  a  recreation  from  the  arduous  labors  of  the  day. 
Again  you  may  have  bound  yourself  to  make  the  patterns  for  a  certain 
fixed  price,  and  within  a  definite  time  ;  which  price  and  time  may  be  the 
closest  that  could  be  made,  by  a  close  stove  founder,  in  a  close  year  ;  in 
such  a  case  you  will  have  more  recreation. 

You  will  bear  in  mind  that  while  shrinkage  must  be  added  to  all 
pieces,  which  of  course  means  two  shrinkages  to  the  master  patterns,  some 
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forms  will  sliriuk  more  tliau  otliers.  aud,  as  t'.iis  variation  lias  never 
been  formulated,  one  has  nothing  hut  personal  judgment  and  experience 
for  a  guide. 

Some  plates  and  parts  of  plates,  notably  about  the  lire-box,  will  expand 
more  than  others  ;  because  of  their  proximity  to  the  intense  heat ;  and 
will  need  be  designed  with  plenty  of  clearance  or  play  ;  when  fastened 
by  bolts,  they  sliould  pass  through  holes  elongated  in  a  plane  with  the 
line  of  expansion.  As  violent  expansion  of  cast  iron  by  heat  is  never 
taken  entirely  up  in  cooling,  the  parts  must  be  made  by  means  of  flanges 
or  other  devices,  to  take  up  tiie  space  lost  through  movement. 

Some  peculiar  and  intricate  problems  arise  to  torment  the  designer 
aud  test  his  knowledge  of  mathematics  and  expedients  ;  e.  g.,  where  the 
flues  of  tlie  cook's  stove  turn  from  the  back  to  the  bottom,  there  is  a 
point  which  is  very  difficult  to  proportion  correctly,  because  of  its  irreg- 
ular shape.  I  have  been  in  the  habit  of  delineating  a  section  of  this  part 
of  the  flue  on  a  certain  quality  of  stiff  bristol-board,  carefully  calendered. 
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Fig.  1. 


cutting  to  the  outline  and  weighing  on  a  delicate  balance,  using  pieces 
of  the  same  board,  one  inch  square,  as  weights.  This  method,  giving, the 
area  in  inches,  is  simple,  accurate  and  rapid.  To  determine  if  the  capa- 
city of  a  flue,  at  any  given  point  of  irregular  outline  of  section,  is  equal 
to  that  of  the  pipe-collar,  I  have  employed  the  same  idea,  using  a  piece 
of  bristol-board  the  size  of  the  pipe-collar  exit  as  a  weight.  In  estimat- 
ing the  w^eight  of  a  cook's  stove  from  the  wood  patterns,  the  ordinary 
practice  is  to  weigh  the  patterns,  allowing  a  pound  of  iron  for  each  ounce 
indicated,  adding  thereto  10  per  cent.  This  method  is  fairly  accurate 
with  patterns  made  entirely  of  wood;  but  take  an  oven  door  for  example  : 
after  it  is  ornamented  and  there  are  other  materials  to  account  for,  com- 
position, varnish,  and  very  often  lead — if  tiie  ornamentation  be  heavy 
and  bold.  Estimating  weight  by  this  formula  on  such  a  pattern  is  like 
looking  at  the  sun  to  tell  the  time  of  day — you  will  make  a  close  guess 
perhaps,  but  it  will  be  only  a  guess.  To  get  accurately  at  the  solution  of 
such  problems  I  made  a  tank  24  X  36  inches,  and  12  inches  deep,  and  for 
three  inches  of  the  top  I  graduated  a  scale  into  64ths  of  an  inch.  This 
tank  was  leveled  up  aud  filled   with  water  to  the  lower  line  of  the  scale. 
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The  pattern,  well  varnished,  was  plunged  for  a  moment  into  the  tank, 
the  displacement  noted  by  means  of  a  floating  device  which  caused  an 
indicator  to  be  raised  and  temporarily  maintained  at  the  flood  height, 
then  the  pattern  was  taken  out  and  wiped  dry.  If  the  reading  of 
the  scale  showed  a  rise  of  one-eighth  inch,  then  I  knew  that  the  casting^ 
under  ordinary  circumstances  would  weigh  31  pounds  when  set  up  in 
the  finished  stove.  The  constancy  and  accuracy  of  this  method  is  mar- 
velous, and  has  been  a  source  of  wonder  to  many  foundrymen,  to  whom 
I  show  my  simple  expedient  for  the  first  time.  This  idea,  though  as  old 
as  Archimides,  will  be  a  siiri>rising  novelty  to  many. 

The  fire-back,  end  linings,  covers,  centres,  and  grate  are  particularly 
exposed  to  the  force  of  excessive  heat,  which  acts  very  powerfully  as  an 
impingent,  as  in  the  case  of  the  covers  and  cpntres  directly  over  the 
fire-box,  or,  more  trying  still,  as  seen  in  fire-backs,  which  are  attacked 
for  hours  at  a  time  by  a  viscous,  clinging  mass  of  flameless  incan- 
descence. The  best  practice  now  is  to  make  each  fire-back  in  three  or 
more  interchangeable  pieces,  with  a  chamber  directly  back  of  them, 
providing  abundant  means  for  the  ingress  and  egress  of  air  through 
orifices  in  the  sides  or  jambs  of  the  stove,  thereby  insuring  a  free  cir- 
culation. This  air-chamber  sliould  contain  about  two  and  one-half 
times  the  cubic  contents  of  the  lining,  a  vertical  section  being  the  reverse 
of  analogous  to  a  similar  section  of  the  fire-back  ;  i.  e. ,  where  the  section  of 
the  iron  is  thin,  the  space  behind  should  be  correspondingly  ample.  Now, 
since  the  pieces  in  the  center  of  the  back-wall  of  the  fire-box  will  burn  out 
much  faster  than  those  on  the  ends,  the  motive  of  sectional  fire-backs  is 
apparent,  the  intention  being  to  exchange,  or  rather  to  transpose,  the  end 
and  centre  pieces  when  the  condition  of  the  latter  show  signs  of  fatigue. 
The  life  of  a  sectional  fire-back  is  about  equal  to  three  of  the 
ordinary  sort.  In  pieces  like  centres  and  covers,  where  there  is  a 
forcible  thrust  of  tongues  of  flame  directly  against  the  surfaces, 
a  double  plate  should  be  used,  with  adequate  means  of  ventila- 
tion at  the  top.  Great  care  should  be  exercised  in  designing  top 
plates,  because  frequently,  through  the  carelessness  of  servants  and 
children,  large  quantities  of  cold  water  are  precipitated  over  the  top  sur- 
face of  the  stove  when  very  hot,  thus  causing  sudden  cooling,  and  often 
inducing  the  plates  to  crack  in  their  efi^orts  toward  a  readjustment  of 
the  particles  necessary  to  produce  contraction.  Upon  the  ends  of  plates 
there  will  be  considerable  makage — fully  one-sixteenth  inch  in  some 
mixtures  of  iron,  and  even  more  in  cases  of  careless  manipulation  by 
the  molder.  This  resultant  is  seldom  taken  into  account  by  the  designer, 
few  having  a  definite  knowledge  of  the  fact,  though  it  is  quite  an  impor- 
tant item,  and  should  not  be  overlooked.  Makage  is  traceable  to  two 
causes — first,  to  the  fact  that  while  molten  iron,  at  the  instant  of  cooling 
to  rigidity,  expands  slightly,  it  is  not  an  equal  expansion,  the  enlarge- 
ment of  a  plate  being  considerably  more  at  the  boundaries  of  its  area 
than  in  its  thickness  ;  the  second  incentive  to  makage  is  excessive  rap- 
ping of  the  pattern  by  the  molder  just  before  the  process  of  drawing  it 
from  the  nowel.  Unequal  thickness  in  a  plate,  unless  proper lioned  with 
great  care  and  judgment,  will  cause  the  piate  to  cool  unequally,  be  under 
a  strain,  and  very  likely  fly  to  pieces  at  the  slightest  provocation.     Your 
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completed  stove  must  liave  as  few  bolts  as  possible,  aud  not  a  sin{j;le 
drilK'd  hole  in  the  entire  construction,  while  the  fines  must  bo  easy  of 
access  for  removal  of  soot  and  ashes.  In  order  to  impress  the  mechan- 
ical construction  of  a  three-flue  stove  upon  your  memory,  I  have  caused 
to  be  made  of  tin  and  glass  a  model  of  a  cook's  stove  of  the  wood-burn- 
ing type,  which  is  one-half  size,  and  in  which  I  will  now  make  a  fire 
that  you  may  see  it  at  work  (Fig.  2). 

The  sort  of  pattern-maker  technically  known  to  engineers  as  a  "shoe- 
maker ''  does  not  flourish  where  stove  patterns  are  made  ;  nor  are  the 
traditional  broadax  and  frame-saw  all  the  tools  needed  for  the  work  ;  the 


special  hand  tools  in  use  which  have  never  been  manufactured  for  sale, 
or  in  fact  known  of  outside  the  pattern  shop,  would,  in  the  description  of 
their  forms  and  uses  alone,  give  ample  material  for  an  interesting  paper. 
The  wood  of  which  stove  patterns  are  made  is  of  the  best  select  uppers, 
commonly  called  "  cork  pine,"  and  the  tliickuess  of  the  stock  grades 
from  one-fifteenth  inch  to  one-fourteenth  inch,  one-twelfth  inch,  one- 
tenth  inch,  etc.,  up  to  three-sixteenths  inch,  the  principal  thickne.^s  used 
being  one-fourteenth  inch.  The  difference  in  thickness  between  one- 
fourteenth  inch  and  one-twelfth  inch  is  not  very  great,  only  one- 
eighty-four  inch,  but  even  this  apparently  slight  discrepancy  will  upset 
all  one's  patient  and  painstaking  calculations  in  the  voy  important  mat- 
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ter  of  weight ;  the  mere  getting  out  of  the  material  then  is  of  considerable 
importance,  the  planing  up  of  "  tkin  stuff  "  for  particular  work  is  so  del- 
icate an  operation  that  the  workman  must  learn  to  discriminate  between 
a  dry  and  humid  condition  of  atmosphere  when  proving  by  standard 
caliper  newly  planed  stock.  As  the  foUowboard  is  first  gotten  out  and 
afterward  covered  by  the  requisite  thickness  of  wood  (first  carefully 
applying  two  coats  of  shellac  and 


Fig,  3. 


one  of  oil  to  the  form  to  prevent  the 
pattern  sticking  at  the  glue  joints), 
some  fine  points  of  construction  are 
developed  on  intricate  forms,  as  for 
instance  hearth  bottoms  for  wood 
cook's  stove,  wliich  sometimes  puz- 
zle the  brightest  mechanic,  as  can  be 
easily  conceived  by  trying  to  kee))  in 
mind  two  shrinkages,  one  makage, 
a  thickness  of  stuff  and  the  fitting 
point  above  and  below,  upon  so 
simple  a  form  as  a  hollow  cylinder. 
No  nails  or  brads  are  allowable  in 
a  stove  pattern,  the  web  being  so  thin 
and  tender  as  not  to  receive  them  ; 
this  fact  sometimes  necessitates  the 
gluing  together  of  long  and  very  thin  strips,  requiring  skill  and  dex- 
terity on  the  part  of  the  pattern-maker.  Finally,  the  mere  handling  of 
pieces  like  swollen  oven  doors,  when  temporarily  off  their  followboards, 
composed,  as  they  are,  of  upwards  of  one  hundred  i^ieces  glued  one  to 
another,  demands  a  carefulness  of  manipulation,  that  in  the  majority  of 

cases  is  learned  by  the 
workman  only  by  glu- 
ing up  and  repairing 
many  broken  patterns 
after  working  hours. 
Through  the  courtesy 
of  a  local  stove  foun- 
der I  am  enabled  to 
place  before  you  some 
iron  cook's  stove  pat- 
terns, which,  in  con- 
nection with  the  draw- 
ings I  have  made,  will 
serve  to  illustrate  by 
that  best  of  all  methods,  ocular  demonstration,  how  some  of  the  dif- 
ficulties of  the  molder  are  overcome.  A  piece  like  Fig.  3  is  likely 
to  straighten  considerably  in  cooling  ;  this  is  prevented  by  casting  a 
tie  across  the  space  A  A.  which  is  knocked  out  by  the  molder  when 
he  shakes  out  his  work.  A  very  thin  flat  plate  will  get  damp  and 
swell  when  put  into  the  sand  ;  this  is  provided  for  by  cutting  slots  ^  inch 
wide  from  the  body  of  the  pattern  (Fig.  4).  These  slots  give  room  for 
the  excess  of  wood  caused  by  swelling,  prevent  buckling,  and  if  all  the 
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space  is  not  taken  up  the  excess  of  sand  can  be  readily  slicked  out  by  the 
molder.  One  striking  peculiarity  of  the  stove  foundry  is  that  tliere  is 
no  core-maker  tliere.  To  do  without  his  services  many  an  ingenious 
device  has  been  put  in  practice  ;  e.  g.,  in  the  cup  of  a  cook's  stove 
cover  you  will  notice  two  little  projections,  one  on  either  side,  to 
form  a  hold  for  the  lifter  ;  these  are  made  by  means  of  two  small 
punches  riveted  to  the  cope  side  of  the  cover  pattern,   which,   being 


Hg.  5 

pushed  toward  each  other  by  means  of  the  thumb  and  forefinger  of 
the  molder,  form  two  little  indentations  and  are  then  allowed  to 
return  automatically  to  their  original  positions.  The  impressions 
thus  formed,  when  filled  with  molten  iron,  become 
the  projections.  The  feet  of  stoves  are  usually 
fastened  in  place  by  means  of  ''  duffs"  driven  to  a 
taper  dovetail,  which  is  molded  easily  enough  bj' 
having  the  side  pieces  which  form  the  boundaries 
loose  on  the  main  pattern,  the  molder  picking  them 
out  of  the  cope.  It  is  a  curious  fact  that  all  this 
can  now  be  cleverly  accomplished  without  coring, 
or  picking  out  loose  pieces  from  the  mold,  simply 
by  laying  in  two  pieces  of  tin  of  this  form  (Fig.  5), 
which  after  the  operation  of  casting,  have  become 
a  part  of  the  finished  work.  Another  ingenious 
device  (Fig.  6)  causes  the  holes  in  door  hinges  to 
be  made  absolutely  perfect  without  coring  or  drill- 
ing, and  at  the  same  time  makes  it  possible  to  have 
the  doors  of  any  certain  pattern  of  stove  inter- 
changeable; a  result  not  to  be  obtained  with  any 
show  of  consecutive  surety  by  means  of  the  old 
method  of  drilling  invohing  templates  or  even 
jigs.  The  slotting  of  door  catches,  which  has  been 
variously  effected  bj'  filing,  milling,  or  by  means  of  a  chill  core  laid  in 
the  mold  and  driven  out  by  the  workmen  when  the  casting  was  com- 
pleted, is  now  accomplished  in  much  the  same  manner  as  the  holes  are 
left  in  the  door  hinges.  So  perfect  a  surface  does  this  device  (Fig.  7) 
present  that  a  file  in  the  hands  of  a  careful  mechanic  cannot  improve  it.* 

*  It  is  not  meant  that  the  expedients  and  methods  enumerated  above  are  all  now 
in  general  use,  but  rather  that  they  are  practical,  and  are  being  well  received  by  stove 
founflers  as  they  come  to  see  their  worth  as  labor-saving  devices.  That  some  of  the 
tbini^s  mentioned  are  cov^rf-d  by  letters  patent  is  no  drawback,  their  cost  being  merely 
nominal  when  compared  with  their  value  in  the  foundry. 
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Oveii  doors  are  usually  lined  with  tin  on  account  of  aiBuperstition  that 
the  heat  must  be  reflected  in  order  to  obtain  the  best  results  in  cookery  ; 
because  of  the  prevailing  fashion  of  decorating  the  panels  with  nickeled 
or  bronze  plates  this  lining  has  been  a  source  of  annoyance,  as  the  medal- 
lions have  to  be  easily  removable  for  shipment  or  for  cleaning  and  polish- 
ing. Manyschemes  have  been  brought  forth  to  fasten  these  plates  securely 
by  bolting  without  exposing  the  nut  or  burr  on  the  inside  of  the  oven. 
Some  have  even  gone  so  far  as  to  tap  the  holes  in  the  door,  which  is  con- 


sidered no  common  sin  in  the  eyes  of  the  model  stove  founder.  The 
desired  result  is  now  neatly  obtained  by  casting  a  square  hole  in  the  door 
a  little  larger  than  the  nut,  having  an  extension  or  slot  to  take  the  diam- 
eter of  the  bolt ;  when  inside  the  nut  is  dropped  into  an  L-shaped  recess 
cast  onto  the  inside  of  the  door,  which  prevents  its  turning  while  being 
screwed  home  from  the  outside.     Simply   unscreAving  a  couple  of  turns 

and  the  medallion  is  easi- 
ly lifted  out  for  any  pur- 
pose (Fig.  8). 

The  foregoing  examples 
might  be  multiplied  but 
for  the  danger  of  weary- 
ing you  in  the  recital. 

The  stove  mounter  is  a 
great  man  in  his  way,  and 
wrestles  with  many  dis- 
couragements. He  must 
take  the  castings  from 
the  shelves  and  put  them 
together  well  enough  to  pass  the  inspector  ;  one  day  the  ii'on  will 
incline  to  be  coldshort,  and  perhaps  the  next  day  the  mixture  will  be 
decidedly  redshort.  A  great  disparity  in  the  shrinkage  of  the  plates  is 
the  result.  A  molder  may  have  got  in  too  much  water  when  he  wet 
down  his  sand  heap,  in  this  case  the  edges  of  liis  work  are  so  chilled  as 
to  discourage  a  file  or  drill,  and  almost  turn  down  an  emery  wheel;  but 
no  matter,  the  mounter  has  to  get  those  castings  into  stoves,  and  gener- 
ally on  the  piece-work  plan.  As  in  all  cases  of  multiplied  error,  the  last 
segment  must  atone  for  all  preceding,  so  manj-  of  the  minor  mistakes  in 
deeignand  construction  of  stoves  finally  mass  themselves  to  the  mounter's 
discomfort  and  vexation.  It  is  not  surprising,  then,  that  a  great  deal  of 
advice  comes  to  the  designer  from  the  stove  mounter  either  indirectly  or 
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otherwise,  or  that  he  holds  the  whole  guild  of  designers,  pattern-makers, 
etc..  in  high  disdain. 

From  a  somewhat  careful  study  of  this  subject  one  fact  seems  to  be 
omnipresent,  viz. :  the  necessity  for  educated  designers  and  mechanical 
engineers  to  enter  this  field  and  remedy  the  crudities  and  errors  so 
patent  oa  every  hand  ;  and  not  alone  is  this  true  of  cook's  stoves,  but 
even  more  especially  of  those  constructions  intended  for  heating  pur- 
poses ;  and  in  those  designed  to  utilize  the  fuel  of  the  future,  viz.,  gases 
generated  from  fluids  and  natural  gas,  the  discussio^i  of  which  has  been 
purposely  omitted,  but  which  is  far  more  interesting  than  the  cook's 
stove,  though  perhaps  scarcely  as  important.  This  paper  was  prepared 
with  the  hope  of  interesting  some  members  of  this  Club  to  take  part, 
either  directly,  or  indirectly  by  influencing  others,  in  the  study  and  prac- 
tice of  what  has  been  so  aptly  called  Fireside  Engineering. 
Some  members  of  this  society  have  sons  in  schools  of  engineering,  or 
•  have  young  men,  students  and  learners  employed  in  their  drafting  oflBces; 
why  not  impress  on  such  the  immense  importance  of  the  field  open  and 
inviting  men  of  learning  and  inquiring  minds  ?  Not  one  book  on  stove 
making  ;  so  far  as  I  know  but  three  stove  designers  in  the  country  who  are 
graduates  of  technical  schools,  and  yet  what  subjects  more  alluring  than 
the  chemistry  of  cookery,  the  phenomena  of  heat,  or  the  resistance  and 
life  of  iron  under  such  exceptional  conditions  of  heat  and  cold?  Even 
the  social  problem  itself  hinges  on  these  things.  Are  we  well  fed  and 
comfortably  warmed  ?  How  much  may  be  accomplished  in  order  that 
we  may  answer  this  aflSrmatively  with  the  aid  of  the  common  cook's 
stove,  improved  and  perfected  by  thought  and  investigation  and  experi- 
ment. 


A  GLANCE  AT  THE  ENGINEER'S  WOEK,  PAST  AND  FUTURE. 

An  Address  Before  the  Exgixeers"  Club  of  St.  Louis,  by  Robt.  Moorb, 

Retiring  PREsmEXT  of  the  Club. 

[Read  December  16,  1885.] 


It  is  a  custom  now  well  established  in  associations  such  as  this  for  the 
retiring  president  to  sum  up  the  results  of  the  year's  work  in  the  special 
field  of  the  society's  activity,  and  to  note  the  progress,  if  any,  which  has 
been  made.  Such  a  resume  has  a  use  like  the  daily  reckoning  of  the  ship- 
master, by  which  he  determines  how  far  he  has  come  and  how  many  miles 
are  yet  to  be  traversed  before  the  completion  of  his  voyage. 

Following  this  time-honored  custom,  I  will  ask  your  attention  to  a 
very  rapid  and  incomplete  survey  of  the  results  of  the  engineers  work 
in  the  past  and  an  equally  brief  glance  at  a  few  of  the  tasks  which  lie 
before  him  in  the  future.  In  doing  this  I  shall,  as  a  definition  of  the  en- 
gineer's work,  adopt  the  well-known  formula  of  Telford,  which  is  incor- 
porated into  the  charter  of  the  Institution  of  Civil  Engineers,  of  which 
he  was  one  of  the  founders  and  the  first  President.  By,  this  we  are  told 
that  it  is  the  task  of  the  engineer  "  to  direct  the  great  sources  of  power 
in  nature  for  the  use  and  convenience  of  man."  Men  of  other  profes- 
sions— the  lawyer,  the  merchant,  the  statesman,  the  director  of  great 
business  enterprises — are  employed  primarily  in  studying  and  directing 
men  ;  their  contests  are  heated  encounters  with  living  foes,  in  which  too 
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often  every  unsocial  passion  is  aroused,  and  their  triumphs  are  purchased 
by  the  discomfiture  and  heart-burnings  of  other  men.  But  it  is  the  en- 
gineer's work  to  study  and  direct  the  forces  of  nature ;  his  battles  are 
with  the  elements,  and  his  triumphs  are  for  the  benefit  of  all  mankind. 
In  the  story  of  human  progress  no  chapter  is  more  important  than  that 
which  relates  to  the  victories  of  the  engineer. 

Glancing  at  the  additions  to  this  chapter  which  have  been  made  dur- 
ing the  past  year,  we  cannot  say  that  the  record  of  work  done  in  the  year 
1885  is  relatively  of  very  great  importance.  The  financial  depression,  which 
for  the  last  four  years  has  prevailed  throughout  the  world,  has  to  a  large 
extent  paralyzed  the  engineer.  Even  this  year,  however,  which  in  its 
first  half  witnessed  the  lowest  ebb  in  the  business  tide  for  many  years, 
has  not  been  wholly  barren  of  engineering  results.  A  few  great  works 
here  and  there  have  been  completed,  and  a  few  no  less  important  have 
been  begun. 

Of  the  former  class,  that  of  works  completed,  we  may  note  in  England 
the  completion  of  the  Severn  tunnel,  four  and  a  half  miles  in  length 
under  the  river,  by  which,  at  a  cost  of  more  than  eight  millions  of  dol- 
lars, the  Great  Western  Railway  gains  a  more  direct  access  to  Wales. 

On  this  continent  the  greatest  event  of  the  year  has  been  the  comple- 
tion of  the  Canadian  Pacific  Railway,  which  binds  with  an  iron  highway, 
wholly  on  British  soil,  the  waters  of  tlie  Atlantic  and  Pacific  oceans.  But 
while  this  has  been  built  on  British  soil  with  money  furnished  chiefly 
from  the  mother  country,  it  is  an  enterprise  which  has  been  carried 
through  very  largely  by  citizens  of  the  United  States,  which  have  from 
the  first  furnished  a  large  number  of  the  officers,  a  great  part  of  the  con- 
tractors, and  nearh-  all  the  engineers,  the  consulting  engineer  of  bridges 
being  a  member  of  our  own  club. 

Of  works  wholly  American  the  most  noteworthy  has  been  the  final  and 
eminently  successful  explosion  of  Flood  Rock  in  the  East  River,  at  New 
York,  by  which  nine  acres  of  rock  were  shattered  at  a  single  blast,  and  an 
obstacle  to  commerce  which  but  a  few  years  ago  was  beyond  the  re- 
sources of  the  engineer  put  in  the  way  of  easy  and  complete  removal. 

Of  works  recently  begun,  but  not  yet  completed,  mention  may  be 
made  of  the  new  Tay  bridge,  built  to  replace  the  one  of  unhappy  mem- 
ory, and  also  the  great  bridge  over  the  Frith  of  Forth,  whose  enormous 
spans  will  eclipse  anything  yet  built  in  the  world  ;  while,  on  this  side  of 
the  water,  we  have  the  new  Croton  aqueduct,  which,  thanks  to  the 
power  drills  and  high  explosives  of  very  recent  times,  is  to  be  built  of 
choice  as  a  tunnel  throughout  nearly  its  whole  length  of  thirty-three 
miles.  And  when  the  dam  of  178  feet  in  height,  which  is  to  be  placed  at 
the  head  of  it  across  the  Croton  valley,  is  completed,  the  whole  work  will 
stand  easily  the  greatest  of  all  works  of  its  kind. 

Among  works  in  progress  mention  ought  also  to  be  made  of  the 
Panama  Canal,  one  of  the  great  undertakings  of  modern  times,  by  which 
a  continent  is  to  be  cut  in  twain  and  a  highway  opened  for  the  commerce 
of  the  world;  though  it  ought  also  to  be  said  that  as  time  advances  the 
doubts  of  engineers  thicken  as  to  whether  the  project  was  not  undertaken 
without  a  due  consideration  of  the  difficulties  to  be  overcome.  The  testi- 
mony of  competent  witnesses  seems  to  show   that  the  problem  of  con- 
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trollinj^  the  Chagres  Rivei",  which  uncontrolled  will  render  the  canal  use- 
less, is  still  very  far  from  solution,  and  that  the  data  for  so  doing  are  not 
yet  all  gathered,  wliilst  at  the  great  summit  cut,  of  nearly  300  feet  in 
depth,  the  amount  of  water  so  far  encountered  is  so  great  as  to  make  it 
as  yet  uncertain  how  much  niust  be  taken  out,  or  whether,  when  taken  out, 
a  cut  of  that  magnitude  in  such  materials  can  ever  be  maintained.  So 
that  while  the  interests  and  good  wishes  of  the  world  are  all  enlisted  for 
the  success  of  the  intrepid  builder  of  the  Suez  Canal  in  his  new  enter- 
prise, it  is  not  yet  certain  that  he  may  not  have  to  pay  the  penalty  of 
failure  for  his  rashness  in  beginning  a  work  of  wholly  unprecedented 
kind  without  first  knowing  all  the  facts  and  submitting  them  to  an 
exhaustive  engineering  study. 

On  the  whole  we  cannot  say  that  the  past  year  has  added  anything 
very  remarkable  to  the  records  of  engineering  work.  While  it  has  not 
been  a  j-ear  of  idleness,  there  is  notliing  in  it  so  far  as  we  can  now  see  to 
mark  an  epoch  or  make  its  record  one  of  any  peculiar  interest  hereafter. 
The  progress  of  engineering  and  the  results  which  it  has  wrought  in 
the  conditions  of  mankind  cannot,  however,  be  properly  seen  from  the 
records  of  any  single  year.  To  really  see  what  has  been  accomplished 
the  events  of  a  much  longer  term  must  be  taken  into  the  account.  A 
single  twelve  month  is,  in  fact,  too  short  a  time  to  show  the  real  drift 
and  magnitude  of  any  great  movement.  To  see  what  the  engineer  has 
done  and  is  doing  for  the  world  we  need  not,  however,  to  turn  the  pages 
backward  very  far. 

Going  back  no  longer  than  the  recollection  of  living  men,  the  changes 
which  have  been  wrought  by  engineering  works  are  so  great  as  to  have 
been  wholly  incredible  if  they  had  been  foretold,  while  the  work  of  the 
last  century  amounts  to  little  less  than  the  creation  of  a  new  world. 

Not  to  speak  of  the  manifold  results  which  have  been  wrought  by  the 
steam  engine,  the  cylinder  press,  the  power  loom,  or  the  telegraph,  take 
as  an  example  of  what  the  engineer's  work  has  done  for  the  world  the 
results  which  within  the  narrow  scope  of  two  generations  have  been 
accomplished  by  the  single  agency  of  the  railroad.  Consider  how  it  has 
quickened  all  the  interchanges  of  life  ;  how  it  has  unlocked  the  wealth  of 
the  continent  by  giving  value  to  products  which  before  had  none  ;  how 
it  has  peopled  our  prairies  which  without  it  would  hardly  have  been 
habitable  ;  how  it  has  made  men  acquainted  with  each  other ;  how  it 
has  destroyed  provincialism,  broadened  men's  minds,  deepened  their 
charity  and  placed  all  life  upon  a  higher  plane.  Notwithstanding  our 
diverse  origins,  and  despite  the  work  of  civil  war,  the  railroad  is  making 
of  this  nation  one  people,  from  the  lakes  to  the  gulf,  and  from  ocean  to 
ocean.  Without  its  agency  it  is  not  too  much  to  say  that  the  continued 
union  of  our  States  under  one  government  would  not  have  been  possi- 
ble. 

In  other  countries  the  effect  of  this  new  power  must  inevitably  be  the 
same.  As  men  of  different  nations  come  by  the  agency  of  railroads  to 
know  each  other  better,  they  wall  cease  to  hate  each  other  and  become 
bound  together  by  a  thousand  ties  of  mutual  interest,  so  that  with  each 
year  they  will  be  more  and  more  averse  to  war.  And  it  is  not  a  bold 
prophecy  to  say  before  many  generations  George  Stephenson's  locomotive 
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will  conquer  all  the  armies  of  Europe  and  render  that  turbulent  conti- 
nent as  peaceful  as  our  own. 

In  regard  to  the  future  of  the  engineer's  work,  it  would  of  course  be 
a  waste  of  time  to  venture  any  detailed  predictions.  For  in  the  time  to 
come,  as  in  the  time  past,  nothing  is  more  certain  than  that  the  most 
sagacious  foresight  will  be  outwitted,  and  that  for  the  most  part  it  will 
be  the  unexpected  that  will  happen. 

It  is  quite  possible,  however,  to  state  some  of  the  tasks  which  lie  yet 
before  us,  and  to  indicate  some  of  the  lines  on  which  the  engineer  must 
work.  It  is,  for  example,  altogether  safe  to  say  that  vast  progress  yet 
remains  to  be  made  in  the  utilization  of  the  energy  of  nature  ;  that  the 
engines  now  at  work  will  be  vastly  improved  ;  and  that  new  methods  of 
converting  molecular  into  mechanical  motion  will  be  discovered.  The 
steam  engine  as  we  now  have  it  is  a  great  miracle- worker  to  which  our 
indebtedness  is  beyond  computation,  but  we  are  not  likely  to  be  forever 
contented  with  an  agency  which  returns  us  for  use  but  one-tenth  of  the 
energy  of  the  fuel.  Could  heat  be  converted  at  once  into  electricity  on  a 
large  scale  without  the  intervention  of  any  intermediate  machinery,  as 
ran  now  be  done  on  the  small  scale  by  the  thermo-electric  pile,  our 
steam  engines  would  soon  become  antiquated  and  useless.  And  when 
we  compare  the  powerful  dynamos  of  to-day  with  the  toy  machines  of  a 
quarter  of  a  century  ago,  the  search  for  some  new  generator  of  electric 
energy  which  shall  supersede  all  other  prime  movers  would  seem  to 
be  very  far  from  hopeless. 

But,  counting  nothing  for  any  discoveries  wholly  new,  we  can  with 
the  utmost  confidence  look  forward  to  such  improvements  in  the  ma- 
chines and  methods  now  in  use  and  to  such  extensions  in  the  applica- 
tion of  knowledge  w^hich  we  now  possess  as  will  produce  changes  almost 
equal  to  those  we  have  witnessed  already.  The  mechanical  engineer  will 
give  us  more  efficient  engines  and  will  distribute  power  cheaply  from 
central  stations  to  all  places  and  for  all  uses.  Heat  will  be  brought 
into  our  dwellings  from  central  stations  and  be  as  much  a  matter  of  course 
as  water  and  gas  are  now.  The  engineer  of  roads  and  bridges  will  build 
better  roads  and  safer  bridges.  The  electrical  engineer  will  bring  into 
every  household  the  telephone  and  the  incandescent  light.  The  archi- 
tect will  give  us  better  houses  and  carry  comfort  and  beauty  even  into 
the  dwellings  of  the  poor,  while  the  sanitary  engineer  will  see  that  pure 
water  is  put  within  the  reach  of  all  and  that  the  w^astes  of  life  are  dis- 
posed of  so  as  to  be  productive  of  good  rather  than  harm.  In  a  word, 
all  the  work  of  the  engineer  will  be  performed  more  efficiently  and  with 
less  waste. 

Thanks  to  the  labor  of  his  predecessors  and  to  the  better  training 
which  he  will  receive,  the  engineer  of  the  future  will  be  more  skillful 
than  the  engineer  of  the  past  or  of  the  present.  With  no  greater  native 
ability  or  fertility  of  invention,  he  will  yet  have  a  better  command  of 
principles  and  a  wider  range  of  resources,  and  he  will  be  unworthy  of 
his  opportunities  if  he  do  not  outstrip  all  his  predecessors  in  unlocking 
the  treasures  of  nature  for  "  the  use  and  convenience  of  man." 


TABLES  FOR  CALCULATION  OF  KND  AllFAS. 
TABLES  FOR  CALCULATION  OF  END  AREAS. 


By  \Y.  W.  Kkukield,  Member   of   the   Engineers'    Club   of   Minnesota. 
[Read  February  12,  1886.] 

lu  the  computation  of  the  quantities  of  excavation  or  embankment  on 
railroad  or  other  similar  work,  there  are  two  parts  generally  to  the  oper- 
ation. First  is  the  comi)uting  of  the  areas  at  the  jilaces  where  cross- 
sections  of  the  work  are  taken;  and  secondly  is  the  computing  from  these 
areas  of  the  volumes  embraced  between  any  two  consecutive  areas.  The 
prismoidal  formula  is  absolutely  accurate  for  this  purpose,  but  for  many 
reasons  not  tlie  one  generally  used.  Most  frequently  the  method  of  aver- 
aging end  areas  is  emplo3'ed,  as  being  simple,  and  in  certain  cases  con- 
sidered accurate  enough.  Other  methods  are  also  used.  This  paper 
however,  only  proposes  to  deal  with  the  first  part  of  the  calculation; 
that  is  to  sa}-,  with  the  method  of  finding  the  end  areas.  In  some  cross-sec- 
tion field-books,  the  distances  out  of  the  side  or  slope  stakes  are  recorded, 
and  in  others,  not.  This  record  of  distances  out  is,  in  itself,  a  good 
thing,  for  many  reasons,  but  for  purposes  of  calculating  the  end  areas  by 
nay  tables  not  at  all  necessary. 

When  time  in  the  field  is  valuable,  it  is  very  often  a  great  saving  to 
have  only  to  record  the  left,  centre  and  right  cut,  or  fill  at  each  station. 
My  tables  are  based  on  the  formula  very  generally  used  : 
c  (d  +  dQ  4-  i  b  {h  + /O  . 
2  ' 

which  is  in  words  :  the  centre  height  into  the  sum  of  the  distances  out 
plus  half  the  road-bed  width  into  the  sum  of  the  side  heights,  and  all 
divided  by  two. 


1-  ^  .^^  Sk 

Now  I  start  with  the  same  formula  :  c  is  the  centre  cut  or  fill,  h  and  /i' 
the  side  cuts  or  fills,  b  the  width  of  road-bed,  s  the  ratio  of  base  of  slope 
to  height  of  slope— generally  1+,  sometimes  1,  and  in  rock  frequently  f  ; 
d  and  d'  are  the  horizontal  distances  to  h  and  h'  respectively. 
But  instead  of  d  and  d',  we  may  write  their  equivalents  : 
d   =  ib  +  sh  } 
and  d,'  =  ib  -\-  sh'  f 
and  substituting  these  values  for  d  and  d',  and  dividing  the  area  in  the 
figure  or  diagram  into  four  triangles  in  the  customary  manner,  we  have 
for  the  entire  area  as  follows  : 

A  =  i(ib-{-sh)c-{-iab-{-  sh')  c  +  i  {h  X  i  b)  4-  l(h'  X  ib)  =  Ibc  + 
i  6c  +  i  c.s.  {h  +  h')  -f-  i  6  (/i  4-  h') 

or  ^  =  I  be  +  (/i-f  70  [i  s.c  +i &]. 
Now.  on  inspection  of  the  formula  as  arranged  in  this  manner,  it  will  be 
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seen  to  consist  of  two  parts,  added  together.  The  first  part  is  |  he,  which 
varies  in  direct  proportion  to  any  variation  of  c.  (We  assume  a  con- 
stant value  for  b  and  for  s  in  making  out  any  table.)  The  second  part 
is  the  product  of  two  factors  (7i-|-/i')  and  {i  s.c-{-ib)  ;  the  last  factor 
varies  as  c,  but  with  J  b  added  each  time.  The  tables  are  in  three 
columns  each  ;  each  different  road-bed  width  &  for  each  different  value 
of  s  requiring  a  separate  table.  In  the  first  column  are  placed  the 
successive  values  of  centre-heights  from  zero  as  far  as  is  desirable  to 
construct  any  table  ;  in  the  second  column  are  placed  values  of  i  6  c ; 
and  in  the  third  column  are  placed  values  of  is.  c -j- J &.  The  sum  of 
the  second  and  third  columns  would  make  the  area  required  for  any 
given  centre  cut  or  fill  in  the  first  column,  in  case  h  -\-  h'  =  1.  Hence 
the  manner  of  using  the  table  is  obvious  : 

Let  us  imagine  one  or  two  examples,  from  samples  of  two  different 
tables  : 

TABLES  FOR  CALCULATING  END  AREAS. 

(Copyrighted  April  18th,  1879,  by  W.  W.  Redfield.) 


, Base  14  feet.    Slope  IK  to  1. . 

, Base, 

14  feet.     Slope, 

1  to  1  .- 

Centre 
height. 

K6c.            s 

ic+}ib. 

Centre 
height. 

K&c. 

c+  3 

0.0 

0.0 

3.5 

0.0 

0.0 

3.5 

.1 

.7 

3.575 

.1 

.7 

3.55 

.2 

1.4 

3.65 

.2 

1.4 

3.6 

.3 

2.1 

3.725 

.3 

2.1 

3.65 

.4 

2.8 

3.8 

.4 

2.8 

3.7 

.5 

3.5 

3.875 

.5 

3.5 

3.75 

.6 

4.2 

3.95 

.6 

4.2 

3.8 

.7 

4.9 

4.025 

.7 

4.9 

3.85 

•8 

5.6 

4.1 

.8 

5.6 

3.9 

.9 

6.3 

4.175 

.9 

6.3 

3.95 

1.0 

7.0 

4.25 

1.0 

5'.0 

4.0 

.1 

7.7 

4.325 

.1 

7.7 

4.05 

.2 

8.4 

4.4 

.2 

8.4 

4.1 

.3 

9.1 

4.475 

.3 

9.1 

4.15 

.4 

9.8 

4.55 

.4 

9.8 

4.2 

.5 

10.5 

4.625 

.5 

10.5 

4.25 

.6 

11.2 

4.7 

.6 

11.2 

4.3 

.7 

11.9 

4.775 

.7 

11.9 

4.3 

.8 

12.6 

4.85 

.8 

12.6 

4.4 

.9 

13.3 

4.925 

.9 

13.3 

4.45 

2.0 

14.0 

5.0 

2.0 

14.0 

4.5 

.1 

14.7 

5.075 

.1 

14.7 

4.55 

.2 

15.4 

5.15 

.2 

15.4 

4.6 

.3 

16.1 

5.225 

.3 

16.1 

4.65 

.4 

16.8 

5.3 

.4 

16.8 

4.7 

.5 

17.5 

5.375 

.5 

17.5 

4.75 

.6 

18.2 

5.45 

.6 

18.2 

4.8 

.7 

18.9 

5.525 

.7 

18.9 

4.85 

.8 

19.6 

5.6 

.8 

19.6 

4.9 

.9 

20.3 

5.675 

.9 

£0.3 

4.95 

3.0 

21.0 

5.75 

3.0 

21.0 

5.0 

.1 

21.7 

5.825 

.1 

21.7 

5.05 

.2 

22.4 

5.9 

.2 

22.4 

5.1 

.3 

23.1 

5.075 

.3 

23.1 

5.15 

.4 

23.8 

6.05 

.4 

23.8 

5.2 

.5 

24.5 

6.125 

.5 

24.5 

5.25 

.6 

25.3 

6.2 

.6 

25.2 

5.3 

.7 

25.9 

6.275 

.7 

25.9 

5.35 

.8 

26.6 

6.35 

.8 

26.6 

5.4 

.9 

27.3 

6.425 

.9 

27.3 

5.45 

4.0 

28.0 

6.5 

4.0 

28.0 

5.5 

General  formiila  is,  ^  =  3^  6c    +  {h  +  h^  {}{  b  +  }{  sc). 
Road-bed  =  14  feet ;   slope  =  1| ;    centre  =  3.8  feet ;   left  —  3.4  feet ; 
right  =  0.8  feet. 
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Required  the  urea :  Look  in  the  first  column  of  centre-heights,  find 
3.8.  Opposite  this  in  the  third  column  is  6.35.  The  sum  of  the  side 
heights  is  2.4  +  0.8  =  3.2  (performed  mentally). 

Then,  6.35  X  3.2  =  20.32  ;  and  20.32  +  26.6  (the  number  in  second  col- 
umn opposite  the  same  3.8)  =  46.92  square  feet  =  area  required. 

Again  :  Road-bed  =  14  feet ;  slope  =  1  ;  centre  =  2.0  ;  left  =  3.7  ; 
right  =  1.2  ;  4.5  (number  in  third  column)  X  4.9  (sum  of  side  heights)  = 
22.05  ;  22.05 -f  14  (number  in  second  column)  =  36.05  square  feet  =  area 
required. 

Hence  it  will  be  seen  that  only  two  operations  are  required.  The  writer 
has  himself  used  these  tables  in  actual  practice  in  computing  areas  on 
several  miles  of  railroad  work,  and  prefers  their  use  for  rapid  progress  in 
taking  out  areas.  He  uses  them  as  follows  :  The  Division  Engineer  (on 
Bome  roads  this  position  and  that  of  Resident  Engineer  are  reversed)  has 
the  proper  table  open  before  him  on  his  left.  He  ascertains  from  his 
note-book  a  centre  height,  and  finds  the  third  column  number  for  said 
centre  height,  calls  off  said  tliird  column  number  ;  he  and  his  rodman  set 
that  number  down  on  their  figuring  paper  ;  he  next  calls  off  the  sum  of 
the  side-heights,  having  added  the  same  mentally.  Both  calculators 
multiply  and  check  with  one  another  ;  then  the  second  column  number 
is  called  off  and  added  to  the  product,  and  then  checked,  and  that  area  is 
out  ;  all  taking  less  time  than  would  be  imagined  without  trying  it. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


February  17,  1886  : — A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  and  called  to  order  at  7 :40  p.  M. ,  President  George  L.  Vose  in  the  chair  ; 
thLrty-four  Members  and  eight  visitors  present. 

The  I'ecord  of  the  last  meeting  was  read  and  approved. 

The  following  persons  were  proposed  for  membership  :  George  Bowers,  by  J. 
Francis,  F.  P.  Spalding  ;  Walter  S.  Coffin,  by  F.  P.  Stearns,  E.  C.  Clarke  ;  George 
C.  Currier,  by  E.  W.  Howe,  S.  E.  Tinkham  ;  Willis  H.  Hall,  by  M.  T.  Cook,  E.  D. 
Leavitt,  Jr.;  Samuel  L.  Minot,  by  G.  R.  Hardy,  E.  W.  Howe  ;  Fred.  B.  Sher- 
burne, by  F.  P.  Stearns,  F.  P.  Spalding  ;  J,  A.  Tilden,  by  E.  H.  Gowing,  W.  T. 
Pierce. 

The  Committee  appointed  to  prepare  a  memorial  on  the  death  of  Mr.  H.  M. 
Wightman  presented  the  following  : 

HENRY    MORSE    WIGHTMAN. 

Member  Boston  Society  Civil  Engineers, 

Died  April  3,  1885. 

Henry  M.  Wightman  was  born  in  Boston,  January  5,  1840.  He  was  educated 
in  the  public  schools  of  the  city,  and  graduated  from  its  English  High  School  in 
1857.  Soon  after  graduating  he  was  appointed  rodmau  in  the  City  Engineer's 
department,  and  from  that  position  he  rose  by  successive  stages  to  that  of  its  chief, 
having  been  elected  City  Engineer,  March  18,  1880. 

His  engineering  experience,  covering  twenty -eight  years  of  practice,  gave  him  a 
high  rank  in  the  profession.  It  was  almost  altogether  gained  while  connected  with 
the  above-mentioned  department,  but  it  covered  a  great  variety  of  work,  some  of 
which  presented  more  than  ordinary  difficulties  to  overcome,  and  some  of  which 
ranks  high  in  the  scale  of  importance. 

In  the  earlier  years  his  work  was  of  that  miscellaneous  character  which  usually 
comes  to  the  hands  of  a  subordinate  in  the  office  of  a  City  Engineer. 

In  1863  he  was  placed  in  charge  of  the  preliminary  surveys  for  a  new  distribut- 
ing reservoir,  proposed  to  be  built  in  the  vicinity  of  Chestnut  Hill,  in  extension  of 
the  system  of  water  supply  from  Lake  Cochituate.  Tin-ee  sites  were  i-eported  upon. 

In  1864  he  acted  as  engineer  for  the  Back  Bay  Commission,  and  in  that  capac- 
ity made  sm'veys  and  plans  for  laying  out  the  Back  Bay  district. 

In  1865  he  was  placed  at  the  head  of  a  party  to  make  accurate  location-surveys 
and  the  plans  for  building  the  Chestnut  Hill  reservoir,  an  appropriation  for 
building  it  having  been  made  by  the  City  Council  the  previous  year.  In  the 
spring  of  1866,  he  was  appointed  Resident  Engineer  in  charge  of  its  construction, 
and  although  appointed  Assistant  Citj'  Engineer  in  May,  1870,  performed  the 
duties  of  the  former  office  till  the  fall  of  1870,  at  which  time  the  work  of  con- 
struction was  so  nearly  finished  that  the  larger  of  the  two  compartments  was 
filled  with  water  and  placed  in  service. 

The  Chestnut  Hill  reservoir  is  a  structure  of  more  than  local  reputation ;  it  is 
one  of  the  largest  and  best  built  distributing  reservoirs  in  the  country,  and  the 
experience  that  Mr.  Wightman  gained  while  in  charge  of  its  construction  was  of 
the  highest  value  to  him  in  after  years. 

He  occupied  the  position  of  Assistant  City  Engineer  till  the  spring  of  1880,  when 
he  was  elected  City  Engineer,  which  office  he  held  tiU  the  time  of  his  death . 
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The  more  important  works  done  under  his  direction  as  City  Engineer  were:  the 
completion  of  the  JIain  Drainage  Works;  the  constiniction  of  Basin  No.  4,  for  an 
adilitioual  supply  of  water;  the  rebuilding  of  Warren  Bridge;  the  building  of  the 
bridge  over  the  Boston  &  Albany  Kailroail  on  the  line  of  Broadway  Extension ; 
the  preparation  of  plans  lor  a  new  bridge  from  Boston  to  Cambridge;  and  the  con- 
struction of  the  Back  Bay  Park.  This  last  work  involved  some  interesting  hydrau- 
lic problems  and  the  constiniction  of  a  number  of  important  bridges,  the  Boylstoa 
Street  skew-arch  of  sixty  feet  span  presenting  some  novel  features. 

On  March  ;21,  1885,  Mr.  Wightman  started  for  North  Carolina  on  some  private 
business.  On  his  way  back  he  was  taken  ill  with  pneumonia,  and  upon  his  anuval 
at  home,  March  27,  was  obliged  to  take  to  his  bed. 

On  Friday,  April  3,  when  he  was  thought  to  be  improving,  he  became  suddenly 
delirious,  and  continued  in  that  state  till  8:45  that  evening,  when  he  died. 

Mr.  AVightman  was  a  man  of  sound  judgment  and  an  excellent  manager  of 
engineering  work,  being  prompt  in  his  decisions  and  firm  in  enforcing  them- 
Wh'le  fully  appreciating  the  resuonsibility  attaching  to  his  work,  he  rarely  allowed 
it  to  worry  him. 

When  things  did  not  please  him,  he  was  open  in  his  criticism  of  men  and  meth- 
ods, but  he  was  true  and  ■warm  to  his  friends. 

He  became  a  Member  of  the  Boston  Society  of  Civil  Engineers  June  8,  1874 ;  he 
was  also  a  member  of  the  American  Societj'  of  Civil  Engineers. 

[Signed]  Joseph  P.  Davis, 

Clemens  Herschel, 
Edward  W^.  Howe. 
A  letter  was  read  by  the  Secretary  from  Major  C .  W.  Raymond,  submitting  his 
resignation  as  a  Member  of  this  Societj'  in  consequence  of  his  transfer  to  New  Orleans. 
On  motion,  it  was  voted  :  That  Mr.  H.  Manley  and  ihe  President  be  appointed  a 
committee  to  arrange  for  the  annual  dinner. 

On  motion,  it  was  voted  :  That  a  committee  be  appointed  by  the  chair  to  present 
a  list  of  candidates  for  officers  of  the  Society  for  the  ensuing  year,  and  that  the 
committee  be  instructed  to  present  three  names  for  each  office. 
The  committee  as  appointed  consists  of  Messrs.  F.  Brooks,  Swain  and  Folsom. 
On  motion,  it  was  voted  :  That  an  appropriation  of  five  dollars  be  made  for  the 
Society's  .sub.scription  to  Railroad  Guzettt  for  the  year  1886. 
Mr.  H.  F.  Walling  read  a  paper  on  State  Topographical  Surveying. 
Mr.  H.  Bissell  addressed  the  Society  on  certain  processes  of  Wood  Preserving. 
[Adjourned.']  H.  L.  Eaton,  Secretary. 

March  3,  1886  : — A  special  meeting  of  the  Boston  Society  of  CivU  Engmeers 
■was  held  and  called  to  order  at  7:55  p.  m.  President  George  L.  Vose  in  the  chair  ; 
seventeen  Members,  one  visitor  present. 

Mr.  Chas.  H.  Swan,  Chairman  of  the  Committee  on  Weights  and  Measures, 
presented  a  report  from  that  Committee. 

Mr.  E.  W.  Howe  moved  that  the  Report  of  the  Committee  on  Weights  and 
Measures  be  accepted  and  printed  in  the  Journal  of  the  Association  of 
Engineering  Societies.  This  motion -was  declared  to  be  adopted.  Mr.  Albert 
H.  Howland  doubted  the  vote,  and  the  yeas  and  nays  were  ordered.  The  motion 
was  carried  :  yeas  eleven,  nays  one. 

Mr.  Fred  Brooks  read  a  paper  on  Metric  and  Old  Units  with  reference  to  con- 
venience. 

[Adjourned.]  H.  L.  Eaton,  Secretary. 

annual  meeting. 
March  17,  1886: — The  annual  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  at  Yoimg's  Hotel,  Boston,  and  called  to  order  at  4:50  p.  M.,  Vice-Presi- 
dent L.  Frederick  Rice  in  the  chair.    Fifty-nine  Members,  eight  visitors,  present. 
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The  records  of  the  regular  meeting  February  17,  and  the  special  meeting  March 
3,  were  read  and  approved. 

Messrs.  G.  Bowers,  W.  S.  Coffin,  G.  C.  Currier,  W.  H.  Hall,  S.  L.  Miuot,  F.  B. 
Sherburne,  J.  A.  Tilden  were  elected  Members  of  this  Society. 

The  following  persons  wei'e  proposed  for  membership  :  F.  C.  Coffin,  by  M.  M. 
Tidd,  E.  A.  W.  Hammatt ;  G.  E.  Evans,  by  James  Francis,  A.  W.  Hunking  ;  G. 
A.  Nelson,  by  J.  R.  Freeman,  R.  A.  Hale ;  F.  B.  Knapp,  by  W.  S.  Chaplin,  G.  L. 
Vose. 

The  Treasurer  presented  his  aunual  i-eport,  properly  approved  by  the  Auditor. 

The  following  recommendations  were  submitted  by  the  Government : 

That  a  vote  of  thanks  be  extended  the  General  Manager  of  the  Boston  &  Albany 
Railroad  for  the  use  of  the  rooms  occupied  by  this  Society. 

That  a  Special  Committee  on  Library  be  appointed ;  this  Committee  to  consist 
of  five  persons,  of  which  the  Librarian  and  Secretary  shall  be  members,  ex-officio. 

That  the  cost  of  the  book-cases  in  the  Society's  room  at  the  B.  &  A.  R.  R.  station, 
being  in  the  nature  of  an  investment,  be  paid  from  the  pei-manent  fund  instead  of 
the  current  fund. 

That  the  salary  of  the  Secretary  be  increased. 

That  the  list  of  Corresponding  Members  be  dro])ped,  and  Mr.  C.  H.  Haswell  be 
made  an  Honorary  Member  of  this  Society. 

That  an  assessment  of  $6  be  levied  on  resident  members  of  this  Society. 

That  Article  XIV.  of  the  Constitution  be  so  amended  that  the  cost  of  the  Journal 
from  the  date  of  admission  to  the  Society  to  the  date  of  the  next  assessment  shall 
be  added  to  the  admission  fee. 

That  Article  XV.  of  the  Constitution  be  amended  to  increase  the  annual  fees 
payable  by  non-resident  members  to  .$4. 

The  Aunual  Report  of  the  Government  was  read  by  the  Vice-President. 

On  motion,  it  was  voted  :  That  the  Annual  Reports  of  the  Ti'easurer  and  Gov- 
ernment be  accepted  and  printed  with  the  proceedings  of  the  Society. 

On  motion  of  Mr.  H.  A.  Carson  it  was  voted  :  That  an  assessment  of  $6  be 
levied  on  resident  members  of  the  Society. 

On  motion,  it  was  voted  :  That  the  recommendations  submitted  by  the  Govern 
ment  be  laid  on  the  table  until  the  next  meeting,  and  printed  in  the  notices  of  that 
meeting. 

The  Committee  on  Furnishing  Room  presented  a  verbal  report,  with  a  request 
for  further  time,  which  was  granted. 

The  Committee  ajipointed  to  present  a  list  of  candidates  for  officers  of  the 
Society  for  the  ensuing  year  presented  the  following  report  : 

For  President — W.  H.  Bradley,  C.  Herschel,  G.  L.  Vose. 

For  Vice-President— E.  C.  Clarke,  D .  Fitz  Gerald,  L.  F.  Rice. 

For  Secretary— H.  L,  Eaton,  F.  P.  Stearns,  S.  E.  Tmkham. 

For  Treasurer— H.  A.  Carson,  T.  W.  Davis,  H.  Manley. 

For  Librarian— F.  W.  Hodgdon,  W.  Shepard,  H.  D.  Woods. 

On  motion,  it  was  voted  :  That  the  officers  be  balloted  for  on  separate  ballots. 

That  a  committee  of  three  be  appointed  by  the  Chair  to  receive,  sort  and  count 
ballots  for  President  and  Librarian  ;  that  a  committee  of  three  be  appointed  by 
the  Chair  to  receive,  sort  and  count  ballots  for  Vice-President,  Secretary  and 
Treasurer. 

Messrs.  M.  M.  Tidd,  Albert  H.  Howlaud  and  C.  W.  Folsom  were  appointed  a 
committee  on  election  of  President  and  Librarian,  and  Messrs.  Adams,  Carr  and 
Worcester  on  election  of  Vice-President,  Secretary  and  Treasurer. 

The  Society  then  proceeded  to  ballot  for  officers,  with  the  following  result : 

President,  G.  L.  Vose  ;  Vice-President,  L.  F.  Rice  ;  Secretary,  H.  L.  Eaton  ; 
T7'easurer,  H.  Manley  ;  Librarian,  H.  D.  Woods. 

Mr.  F.  P.  Stearns  was  appointed  Auditor  by  vote. 
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( )n  iiidtiou  it  wns  voted:  That  the  election  of  special  committees  be  laid  upon  tlie 
table  until  the  next  meeting. 

The  Secretary  read  a  paper  from  Mr.  CJ.  E.  Evans,  City  Engineer  of  Lowell, 
Mass.,  on  the  Beacon  Street  Reservoir,  Lowell  Water- Works,  and  the  accident 
which  happened  there  in  the  fall  of  1885. 

lAilJourned.'i  H.  L.  E.JlTOX,  Secretary. 

ANNUAL  DINNER. 

March  17,  1886  : — The  fourth  annual  dinner  of  the  Boston  Society  of  Civil 
Eng:ineers  was  held  at  Young's  Hotel,  at  6  o'clock  P.  M.,  Vice-President  L.  Freder- 
ick Rice  in  the  chair,  sixty-two  Members  present. 

There  were  present,  as  guests  of  the  Society,  William  T.  Sedgewick,  Edward  S. 
Morse,  James  T.  P\irber  and  James  E.  Howard. 

Mr.  Thomas  Doane  alluded  to  the  earlier  days  in  the  Society's  histor}'.  and  gave 
short  sketches  of  the  lives  of  Messrs.  Samuel  Nott,  W.  S.  Whitwell,  Loammi  Bald- 
win, Gr.  S.  Baldwin,  James  Hay  ward,  Ezra  Lincoln,  Alexander  Wadsworth, 
William  T.  Parrott,  Robert  Eddy,  Charles  S.  Storrow  and  others. 

William  T.  Sedgewick,  Professor  of  Biology,  Massachusetts  Institute  of  Tech- 
nology, referred  to  the  uses  of  applied  science,  and  the  usefulness  of  pure  scientific 
work  ;  its  connection  with  civil  engineering,  the  claims  of  pure  science  and  the 
necessity  of  placing  the  teaching  of  pure  science  in  a  foremost  position  in  our  edu- 
cational institutions. 

Winfield  S.  Chaplin,  Professor  of  Civil  Engineering,  Lawrence  Scientific  School, 
referred  to  the  progress  made  in  civil  engineering  in  the  last  thirty  years,  the 
increase  in  the  number  of  scientific  schools  and  the  prominent  position  taken  by 
American  civil  engineers. 

Mr.  A.  AV.  Locke,  Manager  of  the  Troy  &  Greenfield  Railroad  and  Hoosac  Tunnel, 
defined  the  policy  of  the  State  in  the  management  of  the  Hoosac  Tunnel  property, 
and  stated  that  the  cost  per  ton  per  mile  of  freight  transported  was  7.3  mills. 

Reference  was  also  made  to  the  connection  of  civil  engineers  with  railroad 
transportation,  the  improvements  made  in  rolling  stock,  the  necessity  of  i)ro- 
vidiug  a  permanent  road-bed  and  the  necessity  of  placing  the  control  of  railroads 
in  the  hands  of  trained  civil  engineers. 

Mr.  L.  F.  Rice  alluded  to  the  prominent  place  occupied  by  the  Rensselaer  Poly- 
technic Institute  among  scientific  schools  and  to  the  large  number  of  its  graduates 
who  hold  high  positions  and  are  connected  with  the  management  of  railroads  and 
public  works. 

CD.  Bray,  Professor  of  Civil  and  Mechanical  Engineering,  Tufts  College, 
referred  to  the  common  interests  existing  between  professors  in  scientific  schools 
and  practicing  civil  engineers. 

Profes.sor  Edward  S.  Morse,  Director  of  Peabody  Academy  of  Science,  Salem, 
Mass .,  alluded  to  the  great  results  which  have  followed  from  the  examinations 
made  by  workers  in  applied  science  and  the  scientific  attainments  of  the  Japanese 
in  adapting  the  means  at  their  command  to  the  end  desired  in  their  buildings 
and  public  works. 

Mr.  Henry  F.  Walling  entertained  the  comi^auy  with  a  poem  on  prophetic  engi- 
neering, entitled  the  "Magic  Clock." 

Mr.  James  T.  Furber  gave  some  personal  recollections  of  some  of  the  civil  engi- 
neers connected  with  the  early  history  of  the  Boston  &  Maine  Railroad.  He 
also  alluded  to  the  great  importance  of  a  training  in  civil  engineering  to  a  railroad 
manager,  and  the  necessity  of  constructing  the  road-bed  in  the  most  substantial 
manner,  and  heavy  enough  to  carry  the  heaviest  rolling  stock. 

Mr.  James  E.  Howard,  engineer  in  charge  of  the  testing  machine  at  the  Water- 
town  Arsenal,  stated  what  had  been  accomplished  in  testing  materials,  and 
described  some  experiments  on  riveted  joints,  brick  piers  and  wrought-iron  axles. 

Note. — Mr.  J.  E.  Howard's  remarks  will  be  printed  in  full  in  the  next  iasue  of 
he  Journal.  H.  L.  Eaton,  Secretary. 
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March  3,  1886:— Club  met  at  Mercantile  Library  at  8:15  p.  m.,  President  Mc- 
Math  in  the  chair  and  eighteen  members  present.  Minutes  of  last  meeting  read 
and  approved. 

The  applications  for  membership  of  Mr.  William  T.  Augell,  of  St.  Louis,  pro- 
posed by  J.  H.  Kinealey  and  William  H.  Bryan,  and  Mr.  William  D.  MacQues- 
ten,  proposed  by  William  H.  Bryan  and  N.  W.  Perkins,  Jr.,  were  referred  to  the 
Executive  Committee . 

The  special  Committee  on  Complimentary  Lunch  to  Colonel  Flad  reported  and 
asked  for  instructions.  The  coomiittee  was  authorized  to  complete  arrangements 
and  issue  notices. 

The  Secretary  announced  that  the  Club  had  received  a  copy  of  the  Report  of  the 
Massachusetts  Drainage  Commission,  the  donation  of  Mr.  Eliot  C.  Clarke,  Chief 
Engineer. 

Mr.  Robert  E.  McMath  read  a  paper  on  "  The  Future  Dr.iinage  of  St.  Louis." 

A  general  discussion  followed. 

lAdJoiinied.']  Thomas  D.  Miller,  Secretary. 


ENGINEERS'  CLUB  OF  MINNESOTA. 


March  13,  1886  : — Regular  meeting;  President  D.  P.  Waters  in  the  chair. 
Present,  Messre.  W.  W.  Redfield,  C.  Sprague,  E.  T.  Abbott,  James  Waters, 
G.  W.  Sublette,  A.  C.  Libby,  Wm.  De  La  Barre,  J.  H.  Barr,  W.  S.  Pardee. 
Previous  records  were  read  and  approved . 

Mr.  E.  T .  Abbott  reported  the  reception  of  additional  circulars  from  the  Execu- 
tive Board  of  the  Temporary  Civil  Engineers'  Committee  on  National  Public 
Works. 

The  President  addressed  the  Club,  setting  forth  the  importance  of  the  coming 
Cleveland  meeting,  and  urging  the  Members  to  take  an  active  and  effective  part 
in  furthering  the  interests  of  the  convention . 

On  motion,  it  was  resolved  that  it  is  the  sense  of  the  Club  to  stand  by  the  mem- 
bers of  Committee  ou  National  Public  Works  and  give  them  prompt  support. 

On  motion,  Mr.  Abbott  was  appointed  delegate  to  the  convention  called  to  be  held 
at  Cleveland,  March  31,  in  place  of  Mr.  Piatt  B.  Walker,  resigned. 

On  motion,  Messrs.  A.  C.  L  bby  and  E.  T.  Abbott  were  appointed  a  committee 
to  confer  with  the  directors  of  the  new  public  library  at  Minneapolis,  with  a  view 
to  providing  in  said  library  a  full  department  of  engineering  works. 

Mr.  Abbott  made  a  report  on  the  matter  of  new  quarters  for  the  Club,  and  the 
furniture  from  the  old  quarters  was  placed  in  the  care  of  Mr.  De  La  Barre. 

Mr .  John  Lamb  was  elected  Member,  and  Mr.  J.  M.  Hazen  was  presented  for 
membership,  vouched  for  by  W.  S.  Pardee  and  W.  W.  Redfield. 

[Adjo\irned.'\  Walter  S.  Pardee,  Secretary. 


Editors  reprinting  nrticl'>sfrom  this  journal  o»-e 
reqio'stfd  to  creilit  both  tlw  Joi'RNal  (ind  the 
Society  before   ichich  such  articles  were  read. 
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•Vol-  V.  JS/LSb^^,    1S86.  ISTo.  T. 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  02ninons  of  any  of  its  members. 

COxMPARATIVE  SIZE  OF  METRIC  AND  OLD  UNITS,  WITH  REF- 
ERENCE TO  CONVENIENCE, 


Erratum.— The  last  line  of  the  table  on  page  22C,  should  read 
1  ixjuTid  per  cu.  foot  and  1(5.  kilos  per  cu.  meter  :  not .!(!. 


absorbed  bj-  the  memory.  Three  leading  units,  of  length,  weight  and 
bulk,  are  made  conspicuous  each  as  nine-tenths  of  iis  metric  analogue  ; 
and  the  true  relations  among  the  old  units  are  adhered  to  as  far  as 
practicable  in  the  approximate  equivalents,  so  that  one  equivalent  may 
be  associated  in  the  mind  with  another.  For  example,  the  quart  being 
0.9  of  a  cubic  decimeter,  the  cubic  foot,  or  30  quarts,  is  30  X  0.9,  or  27 
cubic  decimeters;  again,  the  ounce,  or  weight  of  j-f}^^  cubic  foot  of  water, 
is  the  weiglit  of  27  cubic  centimeters  of  water,  or  27  grams.  The  approxi- 
mations that  are  grouped  together  generally  contain  the  same  percentage 
of  inaccuracy.  Values  sufficiently  accurate  for  business  purposes  are 
added  in  parentheses. 

I  desire  to  supplement  this  table  by  a  few  very  simple  thoughts  and 
numerous  illustrative  examples  as  to  the  convenience  of  substituting  the 
metric  for  the  old  units. 

A  real  objection  to  any  change  of  standards  of  weiglits  and  measures 
is  the  annoyance  of  the  process  of  transition  ;  but  as  most  of  the  oppo- 
nents as  well  as  the  advocates  of  the  metric  system  declare  that  some 
change  ought  to  be  made  from  the  existing  irregularity  of  weights  and 
measures,  it  appears  that  the  annoyance  of  a  transition  is  unavoidable. 
The  question  is  :  Of  what  particular  change  is  the  annoyance  to  be  pre- 
ferred? Argument  to  show  that  the  introduction  of  the  metric 
system  is  the  change  to  be  preferred  has  been  addressed  to  the 
members  of  this  Society  and  others  heretofore ;  and  little  argu- 
ment is  now  wanted  to  show  engineers  the  superiority  of  the 
metric  system,  as  little  is  wanted  to  show  them  the  superiority 
of  railway  over  mule  transportation.     Some  conservative  men  will  resist 
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ENGINEERS'  CLUB   OF  ST.    LOUIS. 


March  3,  1886:— Club  met  at  Mercantile  Library  at  8:15  p.  M.,  President  Mc- 
Math  in  the  chair  and  eighteen  members  present.  Minutes  of  last  meeting  read 
and  ai)proved. 

The  ai)plioations  for  membership  of  Mr.  William  T.  Angell,  of  St.  Louis,  pro- 
posed b3'  J.  H.  Kinealey  and  William  H.  Bryan,  and  Mr.  William  D.  MacQues- 
ten,  proposed  by  William  H.  Bryan  and  N.  W.  Perkins,  Jr.,  were  referred  to  the 
Executive  Committee . 

The  special  Committee  on  Complimentary  Lunch  to  Colonel  Flad  reported  and 
asked  for  instructions.  The  committee  was  authorized  to  complete  arrangements 
and  issue  notices. 

The  Secretary  announced  that  the  Club  had  received  a  copy  of  the  Report  of  the 
Massachusetts  Drainage  Commission,  the  donation  of  Mr.  Eliot  C.  Clarke,  Chief 
Engineer. 

Mr.  Robert  E.  McMath  read  a  paper  on  "  The  Future  Drainage  of  St.  Louis." 

A  general  discussion  followed. 

lAdjournecl.'i  Thomas  D.  Miller,  Secretary. 


mi:  Hi.  1 .  ADDOCT  reporiea  tne  reception  of  actditioual  circulars  from  the  Execu- 
tive Board  of  the  Temporary  Civil  Engineers'  Committee  on  National  Public 
Works. 

The  President  addressed  the  Club,  setting  forth  the  importance  of  the  coming 
Cleveland  meeting,  and  urging  the  Members  to  take  an  active  and  effective  part 
in  furthering  the  interests  of  the  convention. 

On  motion,  it  was  resolved  that  it  is  the  sense  of  the  Club  to  stand  by  the  mem- 
bers of  Committee  on  National  Public  Works  and  give  them  prompt  sujiport. 

On  motion,  Mr.  Abbott  was  appointed  delegate  to  the  convention  called  to  be  held 
at  Cleveland,  March  31,  in  place  of  Mr.  Piatt  B.  Walker,  resigned. 

On  motion,  Messrs.  A.  C.  L  bby  and  E.  T.  Abbott  were  appointed  a  committee 
to  confer  with  the  directors  of  the  new  public  library  at  Minneapolis,  with  a  view 
to  providing  in  said  library  a  full  department  of  engineering  works. 

Mr.  Abbott  made  a  report  on  the  matter  of  new  quarters  for  the  Club,  and  the 
furniture  from  the  old  quarters  was  placed  in  the  care  of  Mr.  De  LaBarre. 

Mr .  John  Lamb  was  elected  Member,  and  Mr.  J.  M.  Hazen  was  presented  for 
membership,  vouched  for  by  W.  S.  Pardee  and  W.  W.  Redfield. 

[Adjourned.]  Walter  S.  Pardee,  Secretary. 


Editors  reprintuig  articles  from  thisjourniil  art 
reqiit'stcd  to  creilit  both  tlie  Journal  and  the 
Socieli/ l>cforc   irhich  such  tirticlcs  ircre  read. 
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for  statements  or  oiiinions  of  ana  of  its  members. 
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ERENCE TO  CONVENIENCE. 


By  Fred  Brooks,  Member  of  the  Boston  Society  of  Civil  Engineers. 
[Read  March  3,  1885.1 


The  most  useful  thing  I  have  to  offer  to  the  Society  is  a  table  of  equiv- 
alents, which  I  will  present  to  begin  with  so  as  to  make  sure  of  it.  (See 
the  next  page.)  It  shows  the  comparative  size  of  the  principal  metric 
and  old  units,  arranged  so  that  approximate  equivalents  may  easily  be 
absorbed  bj'  the  memory.  Three  leading  units,  of  length,  weight  and 
bulk,  are  made  conspicuous  each  as  nine-tenths  of  iis  metric  analogue  ; 
and  the  true  relations  among  the  old  units  are  adhered  to  as  far  as 
practicable  in  the  approximate  equivalents,  so  that  one  equivalent  may 
be  associated  in  the  mind  with  another.  For  example,  the  quart  being 
0.9  of  a  cubic  decimeter,  the  cubic  foot,  or  30  quarts,  is  30  X  0.9,  or  27 
cubic  decimeters;  again,  the  ounce,  or  weight  of  xoVtt  cubic  foot  of  water, 
is  the  weiglit  of  27  cubic  centimeters  of  water,  or  27  grams.  The  approxi- 
mations that  are  grouped  togetlier  generally  contain  the  same  jiercentage 
of  inaccuracy.  Values  sufficiently  accurate  for  business  purposes  are 
added  in  parentheses. 

I  desire  to  supplement  this  table  by  a  few  very  simple  thoughts  and 
numerous  illustrative  examples  as  to  the  convenience  of  substituting  the 
metric  for  the  old  units. 

A  real  objection  to  any  change  of  standards  of  weights  and  measures 
is  the  annoyance  of  the  process  of  transition  ;  but  as  most  of  the  oppo- 
nents as  well  as  the  advocates  of  the  metric  system  declare  that  some 
change  ought  to  be  made  from  the  existing  irregularity  of  weights  and 
measures,  it  appears  that  the  annoyance  of  a  transition  is  unavoidable. 
The  question  is  :  Of  what  particular  change  is  the  annoyance  to  be  pre- 
ferred? Argument  to  show  that  the  introduction  of  the  metric 
system  is  the  change  to  be  preferred  lias  been  addressed  to  the 
members  of  this  Society  and  others  heretofore ;  and  little  argu- 
ment is  now  wanted  to  show  engineers  the  superiority  of  the 
metric  system,  as  little  is  wanted  to  show  them  the  superiority 
of  railway  over  mule  transportation.     Some  conservative  men  will  resist 
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any  change  of  standards  as  long  as  they  live,  and  they  occasional!/ 
allege  reasons  for  their  resistance.  A  man  does  not  like  to  acknowledge 
that  he  is  too  inert  to  favor  a  great  public  improvement  ;  he  probably  be- 
lieves and  naturally  prefers  to  say  tliat  he  has  thoughtfully  examined  the 
subject,  and  finds  this  or  that  fatal  objection  to  the  proposed  improve- 
ment. It  is  amusing  to  notice  how  inconsistent  with  one  another  are 
some  of  the  objections  alleged  against  the  introduction  of  the  metric 
system.  One  engineer  thinks  the  yard  and  inch  can  never  be  superseded 
by  the  meter,  because  it  is  convenient  that  bar  iron  has  as  many  square 
inches  of  cross-section  as  it  weighs  pounds  per  yard,  while  another  en- 
gineer thinks  the  yard  and  inch  are  to  be  abandoned,  and  the  foot  is  to 
prevail,  and  therefore  he  opposes  the  meter.  It  is  objected,  on  the  one 
hand,  that  to  take  an  ideal  length  of  one  ten-millionth  of  the  earth's 
quadrant  as  the  basis  of  weights  and  measures,  and  to  abandon  all  cus- 
tomary metrological  units,  is  too  much  to  be  attempted;  and,  on  the  other 
hand,  tliat  the  metric  reform  does  not  go  far  enough,  but  that  the  base 
of  arithmetical  notation  ought  to  be  changed,  and  our  Arabic  system  of 
tens,  hundi-eds,  and  thousands  abandoned.  One  man  declares  that  the 
natural  way  to  divide  things  is  by  successive  bisections  into  halves, 
quarters,  etc.,  and  he  objects  to  any  decimal  subdivision  of  weights  and 
measm'es;  a  second  man  favors  the  metric  units  with  their  decimal  sub- 
division, but  finds  fault  with  the  length  and  derivation  of  the  metric 
names,  and  proposes  to  substitute  others,  calling  the  decimeter  a  "  hand," 
for  example,  and  the  kilo  a  bi-pound  or  "  bip  ;  "  a  third  man  says  the  ob- 
jection to  the  metric  system  is  that  it  takes  novel  magnitudes  for  its 
unit-bases,  and  what  he  proposes  is  to  decimalize  old  units,  and  to  adopt 
the  names  deci-foot,  milli-foot,  and  centi-milli-foot,  similar  to  metric 
names.  The  word  )n.U  is  already  used  in  English  writings  to  signify  one 
thousandth  of  an  inch. 

Leaving  these  gentlemen  to  convince  each  other  as  best  they  can  of 
the  errors  of  their  respective  opinions,  I  merely  remark  as  a  fact  that  the 
decimal  metric  system  of  weights  and  measures  is  evidently  coming  into 
use.  In  pretty  much  every  country  in  Christendom  changes  have  been 
made  during  the  last  hundred  years  for  the  purpose  of  introducing  deci- 
mal systems  of  coinage,  weights  or  measures  in  place  of  former  irregu- 
larity. The  movement  is  still  going  on,  and  we  may  as  well  prepare  our 
minds  for  it  as  for  death  or  for  taxation.  Let  us  consider  what  deci- 
malization amounts  to  in  practice. 

1.  The  successive  sub-units  that  are  used  in  reckoning  are  limited  to 
such  as  are  in  a  tenfold  ratio  to  one  another,  but  an  abundant  variety 
of  sizes  of  implements  are  used  in  actual  dealings  under  decimal  sys- 
tems, whether  based  on  the  meter  or  on  anything  else. 

For  instance,  in  this  country  our  dollar  is  one-tenth  of  an  eagle,  and 
we  have  a  silver  coin  of  five-tenths  of  a  dollar.  We  always  regard  it  as 
half  of  a  unit ;  if  we  inquire  the  price  of  an  article  we  shall  never  be 
told  that  it  is,  let  us  say,  seven  half  dollars,  as  if  tliis  coin  were  a  unit; 
we  may  pay  seven  half-dollar  coins  for  the  article,  but  we  think  of  it  as 
three  and  one-half  dollars  expense  ;  and  nothing  in  the  transaction  need 
prevent  us  from  boasting  that  our  country  has  a  decimal  monetary  sys- 
tem.    Now,  reverse  the  picture. .  In  England,  a  florin  is  one-tenth  of  the 
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pound  sterlin^i;,  and  they  have  a  silver  coin  vehich  is  five-tenths  of  the 
florin  :  but  they  don't  thiuk  of  it  as  a  half -florin,  they  call  it  a  shilling  ; 
they  don't  name  a  price  of  three  florins  and  a  half,  they  say  seven 
shillings.  Their  money  is  not  decimal,  as  everybody  knows.  It  might 
be  made  decimal. 

For  another  instance,  one  thousandth  part  of  the  metric  ton  on  the 
continent  of  Europe  is  the  principal  commercial  weight,  called  the  kilo. 
A  metallic  weight  of  half  a  thousandth  of  a  ton,  or  a  half-kilo,  has, 
among  othei's,  been  found  very  useful  in  shops.  That  is  decimal  just  so 
long  as  it  is  treated  as  {'^  of  the  unit.  On  tlie  contrarj^  when,  as  in  Mas- 
sachusetts, half  a  thousandth  of  a  ton  is  a  unit,  called  a  pound,  and  the 
thousandth  part  of  the  ton  is  not  a  unit  at  all,  but  is  two  pounds,  it  is 
not  decimal  reckoning.  It  may  be  a  step  toward  decimal  reckoning,  and 
away  from  some  greater  and  more  ancient  irregularity,  as  the  use  of  the 
half-kilo  as  a  unit  under  some  name  equivalent  to  the  English  word 
pound  has  been  a  step  toward  the  introduction  of  the  complete  metric 
system  in  several  European  countries.  This  step  was  generally  taken  by 
a  former  generation  when  the  metric  system  was  so  little  introduced  as 
to  appear  experimental,  and  when  but  moderate  facilities  existed  for  the 
dissemination  of  information  among  the  people,  so  that  a  radical  change 
'did  not  appear  feasible. 

For  a  third  instance,  the  Gunter  chain,  used  by  our  grandfathers  and 
still  used  in  many  places,  is  a  decimal  measure  ;  it  is  y"^  of  a  furlong, 
divided  into  100  links,  and  10  square  chains  make  an  acre.  Very  good. 
Suppose  we  make  a  pole  35  links  in  length  ;  if  we  measure  off  a  square 
with  it,  that  square  will  contain  625  square  links,  and  be  .0625  of  a  square 
chain.  That  is  decimal  just  so  long  as  it  is  treated  decimally  as  a  frac- 
tion of  the  unit,  the  chain,  or  as  a  multiple  of  the  sub-unit,  the  link. 
Now  make  the  contrary  supposition  ;  we  call  that  pole  a  unit,  measure 
distances  with  it,  and  record  them  as  2  poles  and  5  links,  or  3  poles  and 
8  links,  etc.  ;  and  we  call  the  square  pole  2i  perdu  use  that  also  as  a  unit 
and  designate  areas  as  1  acre  and  25  perches,  or  2  acres  and  80  perches, 
and  the  like.     Whatever  else  it  may  be,  this  is  not  a  decimal  system. 

For  another  instance,  most  of  us  use  decimal  subdivision  of  the  foot 
and  100  foot  tapes,  chains,  etc.,  on  a  certain  class  of  our  work.  Here  is 
one  joint  of  my  leveling-staff,  a  piece  of  wood  6  feet  long,  the  feet  con- 
spicuously marked  1,  2,  3,  etc.,  and  decimally  subdivided.  If  I  measure 
distances  with  that,  regarding  it  as  6  units,  and  counting  6, 12. 18,  24  feet, 
etc.,  that  (be  it  vsdse  or  foolish)  is  decimal  foot  measurement ;  and  if  I 
measure  a  cube  having  the  length  of  that  staff  on  one  side  and  figure 
its  contents  as  216  cubic  feet,  that  is  decimal  foot  reckoning.  If,  on  the 
contrary,  I  measure  distances  counting  1  fathom.  2  fathoms,  etc.,  and 
perhaps  reaching  such  a  result  as  3  fathoms  and  2  feet,  or  if  I  measure  a 
cube  having  the  length  of  that  staff  on  one  side  and  reckon  it  as  one 
cubic  fathom,  I  am  not  adhering  to  a  decimal  foot  system. 

Again,  in  Texas  there  are  in  general  use  by  surveyors  to-day  chams  a 
little  shorter  than  Gunter's,  being  20  varus  long,  with  5  links  to  a  vara. 
If  these  are  always  treated  as  20  varas  and  0.2  of  a  vara,  it  is  just  as 
compatible  with  a  decimal  system  based  on  the  vara  as  a  unit,  as  our  use 
of  the  20-dollar  gold  piece  or  the  2-dollar  greenback  is  compatible  with  a 
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deoi;iiiil  mouetaiT  system.  Similarly  the  use  of  a  IOmeter  cluiia  or  a 
half-meter  riile  is  just  as  compatible  with  the  decimal  character  of  the 
iiu'tric  system  as  the  use  of  a  2-foot  rule  or  a  oO-fuot  chain  would  be 
with  a  decimal  foot  sj'stem  if  properly  marked  and  used.  My  metric 
levehn<.'-st;)lF  is  4  meters  long,  and  might  be  5  meters  or  3  meters  if  I 
chose.  In  fact,  pretty  much  any  size  of  implement  may  be  used,  pro- 
vxled  it  is  used  as  a  multiple  and  not  as  a  sub-unit. 

2.  The  second  point  upon  which  I  wish  to  dwell  is  the  very  obvious 
fact  that  che  adoption  of  a  decimal  system,  whether  based  on  the  meter 
or  on  anything  else,  limits  us  in  reckoning  to  units  that  are  in  a  tenfold 
ratio  to  one  another,  and  aholishe>i  reckoning  by  nnits  of  any  such  magni- 
tniles  as  several  of  our  aucieiif  customary  units. 

Any  establishing  of  standards,  such  as  is  now  being  carried  out  in  a 
great  many  kinds  of  business,  means  a  restriction  upon  freedom  of  choice 
and  a  forbidding  of  odd  sizes.  The  adoption  of  standard  time  in  1883 
meant  tliat  different  localities  and  railroads  must  give  up  their  peculiar 
time-reckonings,  and  that  all  who  adopted  it  throughout  the  United  States 
of  America  s^hould  be  limited  to  the  times  of  only  four  meridians  separated 
by  intervals  of  an  hour.  The  adoption  of  a  standard  railroad  gauge  of 
4  feet  8i  inches  means  the  abandonment  of  6  feet  or  5  feet  gauges,  etc.  It 
is  similar  with  standard  units  of  measure.  If  any  man  w^ants  to  reckon  by 
two  units,  one  of  which  is  twice,  or  thrice,  or  four,  six,  or  eight  times  as 
large  as  the  other,  if  hewantsto  reckon,  in  feet,  the  dimensionsof  the  place 
wliere  his  iron  bars  are  to  go,  and  at  the  same  time  wants  to  reckon  the 
weight  of  the  bars  by  the  running  yard  and  their  cross-section  in  inches, 
then  a  decimal  system  on  any  basis  is  just  what  he  doesn't  want. 
There  have  come  into  use  in  the  past  the  greatest  variety  of  units  of 
measurement  owing  to  the  different  requirements  of  men,  their  capricious 
tastes,  negligence  and  possibly  their  dishonesty,  so  that  pretty  much  every 
size  from  small  to  great  has  been  made  a  unit  by  somebody.  Scarcely 
one  of  these  units  has  a  magnitude  which  is  more  convenient  than  some 
other  considerably  different  magnitude  would  be  for  the  same  purpose  ; 
one  is  used  rather  than  the  other  merely  from  custom  generally  ;  and  it 
will  be  a  positive  benefit  to  get  rid  of  superfluous  units  and  be  restricted 
to  a  moderate  number  of  standard  units  of  reckoning  decimally  related. 
The  feasibility  of  our  dispensing  with  those  to  which  we  have  long  been 
accustomed  may  he  better  appreciated  if  we  recall  the  wa^"  in  which 
several  such  units  have  been  disappearing  within  our  own  knowledge. 

Let  us  illustrate  first  with  money.  On  February  22,  1821,  Hon.  John 
Quincy  Adams,  then  Secretary  of  State,  made  a  report  to  the  House  of 
Representatives  on  weights  and  measures,  to  which  he  gave  much  study 
and  attached  great  imuortance.  After  referring  to  the  United  States 
having  adopted  as  its  dollar  or  unit  the  Spanish  piece  of  eight,  as  it  was 
called,  meaning  the  piece  of  eight  "  bits"  (to  use  an  American  expression 
for  the  eighth  of  a  dollar).  Mr.  Adams  said  :  *  *  "  Go  to  New  York 
and  offer  in  payment  the  Spanish  coin,  the  unit  of  the  Spanish  piece  of 
eight,  and  the  shop  or  market-man  will  take  it  for  a  shilling."  And  again  : 
"  For  all  the  transactions  of  retail  trade,  the  eighth  and  sixteenth  of  a 
dollar  are  among  the  most  useful  and  convenient  of  our  coins  ;  and 
although  we  have  never  coined  them  ourselves,  we   should  have  felt  the 
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want  of  them,  if  thej^  had  not  been  supphed  to  us  from  the  coinage  of 
Spain."  It  looks  differently  in  1886.  We  don't  reckon  in  shillings,  bits 
or  picayunes  ;  don't  coin  them  ;  dou't  use  the  old  Mexican  coins,  and 
don't  feel  the  want  of  them.  Our  units  are  of  very  different  magnitude. 
Similarly  future  generations  will  use  a  unit  of  capacity  very  different  in 
magnitude  from  our  gallon.* 

For  another  illustration,  take  up  the  morning  newspaper  and  look  at 
the  report?!  of  the  London  grain  marker.  Quantities  of  grain  are  stated 
in  quarters,  and  prices  are  per  quarter.  The  quarter  is  a  measure  that 
was  included  in  the  arithmetics  our  grandparents  studied  ;  but  we  know 
nothing  about  it,  yet  manage  to  shift  after  a  fashion  with  a  grain  measure 
of  very  different  magnitude.  Likewise  our  grandchildren  may  contrive 
to  do  business  without  any  measure  approaching  in  magnitude  the  very 
numerous  bushels  which  now  afflict  the  United  States  and  Canada. 

Another  unit  very  frequently  mentioned  in  England  is  the  stone,  which 
is  a  legal  weight  there.  The  British  Weights  and  Measures  Act,  1878, 
defines  the  hundredweight  as  8  stones,  and  somewhat  similar  weights 
with  names  meaning  stone  were  in  use  m  other  European  countries  before 
they  adopted  the  metric  system.  The  name  is  simple  and  the  magnitude 
apparently  convenient,  yet  in  this  country  we  get  along  just  as  well  with- 
out anything  like  it.  A  few  14-pound  weights  are  still  to  be  found  with 
old  weighing  scales,  or  might  perhaps  be  picked  up  in  junk-shops,  but 
they  are  called  14  pounds,  not  1  stone  ;  and  new  sets  of  weights  used 
here  don't  include  one  of  14  pounds.  In  the  same  way  our  successors 
can  look  in  the  scrap  heaps  for  our  pound  weights  ;  we  could  get  along 
as  well  with  a  unit  of  diffei'ent  magnitude  from  either  the  troy  pound  or 
the  avoirdupois. 

Another  illustration  is  furnished  by  the  jJoZe  (or  perch,  from  the  Latin 
pertica,  meaning  pole),  a  very  old  measure,  most  widely  known  and  sig- 
nificantly named.  As  to  the  present  use  of  this  unit  there  is  information 
in  the  report  of  the  sixth  annual  meeting  of  the  Ohio  Society  of  Survey- 
ors and  Civil  Engineers,  held  in  January,  1885.  It  appeared  (p.  120)  that 
of  the  surveyors  present  there  were  five  who  made  it  tlieir  practice  in 
surveying  farm  lands  to  express  measures  by  this  unit,  six  by  the  foot 
and  eighteen  by  the  chain.  There  is,  however,  no  extraordinary  con- 
venience in  a  length  of  5A  yards  or  thereabouts;  if  the  pole  were  twice  as 
long,  or  half  as  long,  it  would  be  as  convenient  for  our  purposes,  and  it 
has  in  fact  varied  nearly  to  that  extent  at  different  times  and  places. f 

*  The  feasibility  of  this  is  more  directly  shown  by  the  fact  that  our  kindred  in  Scotland 
have  actually  used  a  unit  of  very  different  magnitude  ;  the  Scotch  gallon  prior  to  the 
In;r  eduction  of  the  imperial  measure  held  13.66  kilos  of  water,  while  the  numerous 
Engli^h,  Irish,  imperial  and  American  gallons  have  held  only  about  4  or  5  kilos. 

t  The  Irish  perch  was  seven  yards,  and  the  acre  160  squire  perches.  In  discussing 
British  and  Metric  Measures  before  the  Institution  of  Civil  Engineers,  London,  Jan  , 
188.'),  Mr-.  Hamilton-Smythe  stated  that  "  In  Ireland,  land  purchased  for  engineering 
works  had  to  be  computed  in  Irish  land  measures,  the  conversions  into  which  were  at 
least  as  troublesome  as  the  conversion  of  hectares  into  statute  acres.  Sub-contracts  for 
fencing,  walling  and  even  s^me  other  kinds  of  mason' y,  were  in  Ireland  set  in  Irish 
lineal  perches,  and  various  local  measures  had  to  be  used  there  for  purchasing  lime, 
road-metaling  and  some  other  engineering  materials."  (Van  Nostrand's  Engineering 
Magazine,  Oct.,  1885,  p.  .324.) 

The  Iri-sh  acre,  being  7,810  square  yards,  is  62  per  cent,   more  than  our  acre   (4,840 
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We  know  that  we  can  express  distances  perfectly  well  by  a  unit  of  con- 
siderably different  magnitude,  so  completely  has  it  disappeared  from 
among  us.  Our  five  friends  in  Ohio  may  be  assured  that  the  loss  of  the 
pole  by  the  substitution  of  a  different  unit  in  their  work  will  not  be  felt 
as  a  deprivation  after  the  change  shall  be  fully  accomi)lished, 

I  have  spoken  of  some  units  which  we  dispense  with,  though  they  are 
used  elsewhere.  There  are  also  units  which  we  use  that  other  people 
dispense  with.  One  is  the  American  board  measure,  a  superficial  foot  1 
inch  thick.  In  England  they  get  along  without  it,  using  the  cubic  foot 
and  other  units.  We  could  get  along,  too,  without  using  the  foot  at  all. 
Another  unit  used  here  in  Boston  is  the  cubic  fathom  for  earthwork, 
which  we  absurdly  miscall  a  "square."  In  other  places,  and  to  some 
extent  here,  it  is  found  that  a  much  smaller  unit  serves  as  well  for  reck- 
oning earthwork. 

Finally,  another  unit  that  has  gone  out  of  use  is  the  league.  Its  name 
is  one  of  the  best  known  among  our  weights  and  measures.  It  is  pre- 
served in  our  literature,  used  in  our  legislation  and  included  in  most  of 
our  arithmetical  tables,  the  book-makers  probably  being  anxious  to 
round  out  their  tables.  They  very  seldom  state  its  value  correctly,  but 
that  does  little  harm,  so  completely  has  it  disappeared  from  use  as  a 
popular  measure.  It  was  a  good  length  for  an  itinerary  measure,  as  I 
know  from  having  some  experience  with  a  similar  measure,  the  legua 
still  in  popular  use  in  Mexico  ;  but  we  can  get  along  perfectly  well  with" 
out  it  and  with  nothing  near  to  the  same  length  in  place  of  it.  Likewise 
we  can  get  along  just  as  well  without  our  outlandish  mile*  by  substitut- 
ing another  unit  of  considerably  different  size. 

sq'iare  yards),  and  34  per  cent,  less  than  the  hektar  (which  is  11,960  square  yards) 
The  use  of  such  a  measure  in  the  United  Kinffdom  justifies  the  Inference  that  in  the- 
United  States  a  unit  very  different  from  our  acre  could  just  as  well  be  used. 

*As  to  l-Dgth,  the  mile  is  not  conspicuously  worse,  nor  better,  than  any  other  itiner- 
ary measure  ;  the  trouble  is  that  between  it  and  others  of  our  units  there  is  discord. 
The  mile  anciently  in  popular  use  in  England  was  about  half  as  long  again  as  our  pres- 
ent mile  ;  facts  about  it  are  imperfectly  known,  except  the  fact  that  there  was  great 
confusion.  The  "  old  London  mile  "  was  5,000  feet  ;  and  in  books  5,000  feet  was 
called  a  "geometrical"  mile,  which  being  .30.5  poles  and  2  palms  was  regarded  as 
incongruous.  A  mile  of  320  poles  finally  became  established,  and  is  called  a 
"statute"  mile,  because  it  was  incidentally  fixed  by  a  statute  of  Queen  Elizabeth. 
Its  awkward  relation  to  our  other  units  is  sufficiently  accounted  for  by  its  being 
a  Roman  unit,  separated  from  the  other  Roman  units  with  which  it  was  most 
closely  connected,  and  misgrafted  upon  the  English  measure.  Mile  is  abbreviated 
from  the  Latin  mille  pafisuum  (as  kilo  is  abbreviated  from  kilogram) ;  and  among 
English  speaking  people  the  length  of  the  mile  exhibits  some  approximation  to 
that  of  the  Roman  unit  so  named  ;  the  statute  mile,  the  Scotch  mile,  the  nautical  mile 
and  the  Irish  mile  being  respectively  about  9,  22,  25  and  39  per  cent,  longer  than  the 
Roman.  On  the  continent  of  Europe  the  name  was  very  freely  used,  and  was  thrust 
upon  itinerary  and  geographical  measures  regardless  of  length  ;  Denmark  still  retains 
its  miil  of  24,000  Rbineland  feet,  and  Russia  has  in  its  grand-duchy  of  Finland  a  mile  of 
36,000  Swedish  feet.  (See  Encyclopaedia  Britannica,  9th  Edition,  Vol.  IX,  p.  218).  The 
other  nations  of  Europe  have  now  adopted  the  metric  system,  and  in  several  widely 
separated  places  the  kilometer  has  been  temporarily  named  mil,  mijle  and  miglio.  If 
i*.  was  an  advantage  of  the  Roman  mile  and  the  geometrical  to  bear  a  simple  relation 
t'">  the  artisan's  units,  the  foot  and  inch  ;  if  an  advantage  of  the  statute  mile,  the  Scotch 
a'xl  the  Irish,  to  bear  a  simple  relation  to  the  land  surveyor's  units,  his  field  chain 
ar  d  acre  ;  if  an  advantage  of  the  nautical  mile  to  bear  a  simple  relation  to  an  arc  of 
the  earth's  circumference;  then  it  is  the  superior  advantage  of  the  kilometer  to  bear 
at  the  samp  time  simple  relations  to  the  artisan's  units,  the  meter  and  centimeter,  t* 
the  land  surveyor's  units,  the  dekameter  and  ar,  and  to  the  earth's  quadrant. 
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In  general  our  prospect  of  getting  rid  of  customary  magnitudes  of 
units  may  be  judged  by  our  retrospect  of  having  got  rid  of  customary 
magnitudes  of  units. 

3.  The  third  point  upon  which  I  wish  to  insist  is  connected  with  the 
fact  already  stated,  that  pretty  much  every  magnitude  has  been  hereto- 
fore made  a  unit  of  measure;  the  result  is  that  if  a  decimal  system  is  con- 
structed upon  any  conceivable  base,  it  would  be  strange  if  some  of  the 
decimal  multiples  or  sub-multiples  did  not  hit  close  to  the  magnitudes  of 
old  customary  weights  and  measures.  At  any  rate,  the  decimal  system 
founded  on  the  meter,  which  is  what  now  concerns  us,  has  a  great  many 
of  its  units  coinciding  siibstantially  with  old  units.  Passing  by  some  such 
coincidences  in  the  case  of  the  less  used  sub-units,  which,  like  the  eagle 
and  dime  in  our  monetary  system,  are  of  very  subordinate  importance,  I 
will  take  up  the  principal  metric  units  one  after  another,  and  compare 
them  with  old  units,  interspersing  a  few  comments  bearing  upon  their 
practical  convenience. 

The  units  of  capacity  can  be  disposed  of  very  briefly.  The  principal 
metric  unit  of  capacity  bears  the  name  of  liter,  which  is  of  the  same 
origin  as  the  lb.  and  £,  used  to  designate  the  principal  British  units  of 
weight  and  value.  The  liter  has  substantially  the  same  size  as  the  quart, 
being  intermediate  between  the  United  States  liquid  quart  by  which 
milk  is  measured  for  every  well-regulated  family,  and  the  United  States 
dry  quart,  by  which  oats  are  measured  for  every  well-regulated  horse. 
The  hektoliter,  the  larger  unit  of  capacity,  is  of  about  the  same  size  as  the 
barrel,  which  is  very  widely  used  for  dealing  in  cement,  oil,  liquors,  fish, 
pork,  flour  and  other  products.  The  name,  meaning  100  liters,  is  anal- 
ogous to  hektograj)h,  meaning  100  copies.  Whatever  convenience  in  size 
is  possessed  by  the  quart  and  the  barrel,*  is  possessed  likewise  by  the  liter 
and  hektoliter. 

Similarly,  passing  on  to  weight  units,  the  metric  ton  is  substantially 
the  same  as  the  old  ton.  being  intermediate  between  the  ton  of  2,000 
pounds  and  that  of  2.240.  The  gram  corresponds  to  the  scruple,  pre- 
viously in  use  as  a  medicinal  weight,  with  but  little  variation  in  magni- 
tude throughout  Europe  and  America.  Its  wide  difl'usion  was  due  to  its 
having  come  from  the  scrupvlum  of  ancient  Rome  along  with  other 
weights  of  the  same  series.  The  Greek  physicians  used  the  name  gramma 
instead  of  the  Latin  scrupulum;  thence  we  have  instead  of  the  awkward 
word  scruple  our  present  word  gram,  which  has  been  niade  very  familiar 
by  derivatives  like  program,  telegram,  monogram  and  diagram. 

The  kilogram  is  the  principal  commercial  unit  of  weight  introduced  by 
the  metric  reform,  and  it  corresponds  approximately  to  what  has  been 
used  for  centuries  in  the  East  and  in  Mediterranean  ports,  f 

*  The  following  is  an  extract  from  the  Public  Statutes  of  Massachusetts  (chap.  Ix., 
sec.  ^0):  "  The  legal  and  standard  measure  of  a  barrel  of  cranberries  shall  be  one  hun- 
dred quarts,"  etc. 

t  To  go  into  particulars,  various  weights,  a  large  number  of  which  were  between  800 
and  1,300  grams,  have  been  in  use  under  the  name  of  rottolo  in  some  of  the  Italian  cities 
Sicily,  Malta,  Algiers  and  Morocco;  under  the  name  of  oke  in  Ragusa  (now  Austrian 
territory),  Hungary,  Roumania,  Servia,  Greece,  Turkey,  Crete,  Cyprus,  Syria,  Egypt 
aad  Tripoli;  imder  the  name  of  maund  in  Aiabia;  under  the  nama  of  seer  in  India;  and 
under  stiU  different  names  in  a  few  other  oriental  countries.    The   name  of  seer  was 
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A  kilo  is  about  the  weight  that  a  man  can  easily  manipulate  with  one 
hand  ;  lience  tools  and  other  articles,  like  a  hatchet,  or  a  pistol,  or  a 
bottle  of  wine,  or  a  volume  of  United  States  public  documents,  are  apt  to 
weif^h  about  a  kilo  ;  and  the  Public  Statutes  of  Massachusetts  (chap.  Ix.. 
sec  8)  provide  that  "a  loaf  of  bi-ead  for  sale  shall  be  two  pounds  in 
weight,"  which  is  nearly  one  kilo. 

It  remains  to  discuss  linear  units.  The  principal  one  has  the  name  of 
mt'tcr,  an  old  English  word  sutticiently  intelligible  to  people  who  define 
real  estate  by  •'  metes  and  bounds."  A  measuring  rod  was  designated  in 
the  Bible  and  in  Shakespeare  by  the  word  meteyard,  now  obsolete,  in 
which  the  syllable  yard  meant  rod.  The  name  meter  is  now  given  to  n 
length  substantially  the  same  that  has  from  time  immemorial  been  the 
English  standard  and  lias  been  called  a  yard  or  ell.  The  two  names  were 
formerly  used  indiscriminately.  The  ancient  statute  of  England,  en- 
titled "  CoHi^Jos/f/o  nhim-um  et  perticarumy  declared  that  three  feet 
made  an  ell  (ulna),  and  5^  ells  a  perch.  Latterly  the  names  ell  and  j-ard 
have  been  applied  to  separate  measures  in  the  ratio  of  5  and  4.  The 
exchequer  standard  of  length  constructed  in  Queen  Elizabeth's  reign, 
shows  both  measures  upon  the  same  bronze  bar  by  beds  or  sockets  into 
which  the  standard  yard  and  the  standard  ell  fit  ;  and  the  colonial  legis- 
lation of  Massachusetts,  Maryland,  Virginia  and  North  Carolina  (and 
probably  of  other  colonies)  provided  for  standards  of  both  the  ell  and  the 
yard.  The  Scotch  ell  was  a  different  measure,  wliich  Professor  Rankine, 
in  his  Civil  Engineering,  sa3's  is  sometimes  found  upon  old  plans.  It 
wa3  94-|-  centimeters,  or  37  Scotcli  inches,  perhaps  arising  from  throwing 
in  one  inch  with  every  three  feet.  The  English  ell  of  114-f-  centi- 
meters is  regarded  especially  as  a  cloth  measure.  It  continued  to  be 
included  in  our  school  arithmetics  down  to  about  the  time  when  the  meter 
was  introduced  into  them.  In  Heyl's  United  States  Duties  on  Imports, 
1883,  a  work  officially  recognized  by  the  Treasury  Department,  are 
tables  giving  superficial  measure,  weight  and  price  per  lineal  yard  and 
meter  and  also  per  aune,  which  our  dictionaries  spell  also  auln,  and 
derive    from    the    Latin    ulna  (el-bow).      Silks    from    Lyons    are    still 

giv»n  to  the  kilo  by  the  Act  of  1871  providing  for  its  introduction  into  British  IncMa.  The 
name  of  ofce  was  given  to  the  kilo  by  a  decree  of  the  Sultan  establishing  it  in  Turkey 
from  March  1,  1882.  The  name  of  mina  was  given  to  the  kilo  when  it  was  intrcduced 
into  Greece.  Among  the  earliest  of  known  weights  is  the  Assyrian  mina,  of  about  1,010 
grams,  now  in  the  British  Museum,  as  stated  in  the  ninth  edition  of  the  Encyclopsedia 
Briraunica,  Vol.  XATL,  p.  631,  under  titl^  Numiamaiics.  The  late  H.  W.  Chisholm.  who 
was  Warden  of  the  Standards,  gave  it  as  99.1.4  grams  on  p.  41  of  his  tt^eighinr/  and 
Jl/easin-inf/,  published  by  McMillan  &  Co.,  London,  1K77,  and  he  referred  to  Layard't 
Nincv'h  and  Babylon  for  fun  her  information.  Mina  is  akin  (and  so  probably  isnifunid) 
to  the  Hebrew  word  maneh,  which  is  translated  •'  pound  "  in  the  English  Bible,  I.  Kings 
X.  17,  but  meant  two  or  three  limes  as  much  as  a  pound.  The  revised  version  of  th« 
Old  Testament,  published  last  year,  would  have  been  more  accurate  if  it  had  translated 
it  "kilo."  This  everybody  mny  verify  by  compaiing  11.  ChronicleF,  ix.  16,  and  the 
dictionary  definitions  of  m/na,  ma ;k7i  and  shekel.  English  dictionaries  also  contain 
ofce,  to  which  Webster  as.^igns  the  same  origin  as  to  "  ounce,''  and  seer  is  in  Worcester. 
Rottulo  appears  to  come  from  the  Arabic  for  pound. 

In  the  ancient  series  of  Scotch  weights  the  trone  pound  (which  is  imperfectly 
described  both  by  Webster  and  Worcester)  had  somewhat  varying  values,  the  largest 
being  nearly  800  grams.  After  it  was  forbidden  by  law,  trone  weight  continued  to 
be  used  for  butter,  cheese,  meat,  etc. 
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imported  into  the  United  States  in  these  aunes.  This  aune  is  five  quai'- 
ters  of  a  yard  or  114-|-  centimeters  ;  that  is,  it  is  really  the  English  ell. 
Though  it  is  given  by  Heyl  as  a  measure  of  Lyons  and  Switzerland,  it  is 
probably  used  there  only  for  goods  that  are  to  be  exported.  The  old 
French  aune  was  different ;  Talleyrand  is  cited  to  the  effect  that 
in  France  a  hundred  years  ago  there  were  "  18  different  legal 
yards  (aunes)  measuring  299Y'yV  to  597jVff  lignes."*  That  is  from 
67  to  135  centimeters ;  half  way  between  these  two  extremes  would 
be  101  centimeters.  Various  measures  approximating  to  the  length 
of  the  meter,  named  mme,  stab  (in  English,  staff),  or  elle,  were 
formerly  used  in  Switzerland,  Germany  and  Austria.  The  name  of  el 
was  given  to  the  meter  in  Holland,  and  used  for  fifty  years  (1821-1870) 
before  the  metric  names  were  introduced  there.  The  name  of  aune  was 
similarly  given  to  the  meter  in  Belgium  from  1821  to  1836.  The  name 
of  stab  was  permitted  to  be  given  to  the  meter  in  Germany  from  1868  to 
1884,  but  the  permission  was  not  availed  of.f 

The  English  yard,  equal  to  91-f  centimeters,  is  used  for  general  pur- 
poses, and  among  others  for  distances  on  land  and  water,  race-courses, 
range  of  projectiles,  and  measurement  of  paving,  plastering,  painting, 
masonry,  and  earthwork.  Engineers  also  buy  their  drawing  paper  by 
the  yard.  A  recent  illustration  of  its  use  in  the  United  States  is  the  notice 
from  the  Coast  Survey  Office,  published  in  the  newspajjers  last  fall, 
describing  in  yards  the  position  of  some  dangerous  shoals  in  East  River, 
New  York.  In  Great  Britain  and  her  colonies  the  yard  is  still  more  freely 
used  tlian  in  the  United  States. 

The  length  unit  of  Spain  and  all  Spanish  America  corresponded  to  our 
yard,  and  had  in  different  places  slightly  different  values,  generally  from 
83  to  87  centimeters.  It  was  called  the  "  vara,"  which  means  '•  rod,"  and 
is  the  same  as  the  disused  English  word  vare,  according  to  our  diction- 
aries. In  Texas,  where  it  continues  in  general  use  by  land  surveyors 
to-day,  as  is  required  by  the  laws  of  the  State,  it  is  nearly  85  centimeters. 
The  varus  of  Brazil  and  Portugal  were  about  109  or  110  centimeters.  In 
India,  various  measures  have  been  used  under  the  name  of  gvz  or  gujah, 
many  of  which  approximated  to  the  meter.  The  government  of  Mysore, 
a  native  State  of  Southern  India,  established  for  the  measurement  of 
land  a  guz  equal  to  about  97  centimeters.  Measures  of  about 
a  meter's  length  have  also  been  used  in  some  of  the  minor 
oriental    countries. i      There     is    preserved     in    the    British    Museum 

*  Majority  report  by  Messrs.  Colenjan  Sellers  and  W.  P.  Tatham  to  the  Franklin  Insti- 
tute, a  copy  of  which  was  officially  transmitted  to  the  Boston  Society  of  Civil  Engineers, 
Nov.  20,  1876. 

t  The  meter  vfas  then  thoroughly  established  in  the  countries  neighboring  to  Germany, 
while  her  own  people  were  remarkably  well  educated  and  in  possession  of  great  facil- 
ities for  the  dissemination  of  knowledge;  hence  it  was  easy  to  call  the  meter  by  its 
proper  name.  In  1821,  on  the  contrary,  when  the  Low  Countries  adhered  to  old  names, 
they  had  some  reason;  the  metric  reform  then  appeared  to  be  an  experiment  at  the 
'best,  and  in  some  places  a  failure:  passenger  railroads,  ocean  steamship  lines  and  the 
electric  telegraph  did  not  exist;  and  international  commercb,  the  publicatioQ  of  news- 
papers and  popular  education  were  comparatively  insignificaat. 

t  Authentic  information  about  Indian  weights  and  measures  from  150  different  trad- 
ing places  was  procured  by  the  East  India  Company  about  sixty  years  ago,  and  com- 
oiittf>d  to  Dr.  Patrick  Kelly,  who  published  it  in  his  Universal  Cambist. 
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an  original  ancient  Egyptian  rule,  which  was  found  inclosed 
in  tlie  masonry  of  a  building  at  Karnac,  where  it  must  have  been  left 
during  construction  thousands  of  years  ago.  This  rule  is  105  centimeters 
Jong.  I)eiug  double  the  royal  cubit,  which  was  used  for  architectural  and 
engineering  work  in  ancient  Egypt,  as  the  dimensions  of  remaining 
structures  attest.  Tlie  accompanying  diagram  shows  the  relative  size  of 
some  of  tlie  principal  units  of  length  above  mentioned.  So  a  measure  of 
about  the  length  of  the  meter  has  been  used  in  the  most  widely  separated 
times  and  places,  and  especially  in  most  of  the  countries  and  islands 
washed  by  the  Atlantic  Ocean  immediately  before  the  introduction  of  the 
metric  system  ;  from  which  at  least  the  negative  conclusion  may  fairly  be 
drawn  that  there  is  no  marked  inconvenience  in  size  about  the  meter. 
Whai"ver  convenience  in  size  there  is  about  the  yard  and   these  other 
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old  measures,  there  is  about  the  meter.  From  my  observation  of  the  use 
of  such  measures  for  dry  goods  and  from  my  own  use  of  the  meter  for 
some  years  in  railroad  surveying,  I  draw  the  positive  conclusion  that  the 
meter  is  of  convenient  leu'^tli. 

The  rv'»f«Hiefe/',  bearing  the  same  relation  to  the  meter  that  the  cent 
bears  to  the  dollar,  is  of  about  the  same  magnitude  as  the  barleycorn, 
which  appeared  in  the  statute  Coinpositio  idnarum  et perticarum,  already 
cited,  as  if  it  were  the  basis  of  English  measures,  and  which  has  c  ime 
down  to  the  present  day  iu  our  arithmetical  tables.  Such  a  length  has 
actually  been  introduced  as  a  measure  in  the  United  States  for  sever  il 
special  purposes.  The  shoe-stick  or  measure  for  the  sizes  of  shoes  is 
marked  as  shown  on  the  diagram  (next  page),  where  centimeters  and 
inches  are  drawn  adjacent  for  comparison.  The  difference  between  (^ne 
size  and  the  next,  or  the  unit  of  size-numbering,  is  but  little  less  than  a 
centimeter,  and  the  difference  bet.veen  a  child's  size  and  the  adult's  size 
of  the  same  number  is  a  little  more  than  a  decimeter,  as  is  also  the  dis- 
tance from  the  end  of  the  measure  to  the  first  mark.     None  of  the   sizes 
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has  an  integral  number  of  inches  length  ;  and  it  does  not  ai)i)ear  why 
this  odd  unit  of  0  84G7  cm.,  or  0.3333  inch,  is  established,  when 
tlic  Inch  is  used  for  the  other  shoemaker's  measurements  around  the  foot, 
unless  it  is  because  especial  convenience  is  found  in  it.  The  diagram 
also  shows  the  graduation  of  the  hat  measure,  which  is  applied  around 
the  interior  circumference  of  the  hat,  and  determines  the  number  7,  7^, 
7i^,  etc.,  which  designate  the  sizes  of  hats.  The  intervals  between  these 
successive  numbers  on  the  measure  are  almost  exact  centimeters,  as  is 
seen  by  comparing  the  scale  drawn  adjacent  ;  and  the  distance  apart  of 
the  uuits  6  and  7,  for  instanc?,  or  from  6|  to  7|.  approaches  a  decimeter. 

It  appears  as  thougli  there  would  be  in  the  case  of  gloves,  as  well  as 
in  that  of  shoes  and  hats,  an  advantage  in  a  unit  of  the  size  of  a  centi- 
meter over  a  unit  so  large  as  an  inch,  but  gloves  are  in  fact  sold  by  num- 
bers which  correspond  to  the  measurement  around  the  hand  in  old 
French  ponces,  or  inches,  in  countries  where  the  metric  system  is  in 
general  use  as  well  as  where  it  is  not. 

Sheets  ruled  in  centimeters  and  millimeters  have  been  used  for  plot- 
ting diagi-ams  in  the  Locks  and  Canals  Office  at  Lowell  for  about  thirty 
years,  and  in  the  Essex  Co.'s  office  at  Lawrence  about  fifteen  yearb.  A- 
the  measurements  and  work  of  these  companies  are  in  feet  and  other  old 
units,  it  would  appear  that  the  selection  of  metric  units  for  their  dia- 
grams is  because  they  happ3n  to  be  convenient  in  size.  A  copy  of  the 
corner  of  a  sheet  is  appended,  showing  the  style  of  ruling. 


Proprirfors  pf  /he  LofAs  and  Cana/s  on  Merrimack  /^iuer,  Lowell,  Mc'Sfacnusetls . 
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The  metric  system  of  measurement  was  adopted  about  sixteen  years 
ago  by  the  American  Watch  Company  at  Walthara,  Mass.,  because  of  its 
convenience,  in  spite  of  their  being  in  the  midst  of  a  community  that 
did  not  use  it.  The  centimeter  is  their  unit.  This  might  serve  as  a  use- 
ful hint  to  p3ople  who  say,  in  an  unthinking  way,  apparently,  that  the 
meter  is  too  large  a  unit  and  the  millimeter  too  small  a  one  for  mechani- 
cal purposes.  In  Germany,  the  millimeter  has  been  chosen  as  the  unit 
for  mechanical  purpose-',  presumably  because  the  Germans  are  better 
suited  by  the  smaller  unit.  In  the  shops  of  William  Sellers  &  Co.,  of 
Philadelphia,  the  metric  system  has  been  used  some  twenty-five  years  for 
building  injectors.  Mr.  Coleman  Sellers  said  in  regard  to  this  in  1876 
(Transactions  Am.  Soc.  C.  E.,  Vol.  V.,  p.  366)  :  "So  we  adopted  the 
meter  as  the  unit  of  measure  in  this  case,  and  have  seen  no  reason  to 
regret  having  done  so.  But  its  continued  use  during  many  years  has 
only  confirmed  us  in  the  advantage  of  the  inch,  a  unit  which  can  be 
divided  into  any  convenient  subdivision  at  the  option  of  the  user.  The 
Waltham  Watch  Factory,  or  any  other  manufactory  using  only  short 
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measurements,  will  find  the  metric  system  as  convenient  as  we  have 
found  it  in  its  use  iu  building  injectors,  but  for  those  shops  that  deal  in 
larger  sizes  of  parts,  the  inch  is  very  much  more  convenient."  Nov.  4. 
1880.  he  said  at  the  meeting  of  the  American  Society  of  Mechanical 
Engineers,  in  his  paper  referring  to  the  same  subject:  "  Once  having  per- 
fected an  organization  in  this  department  we  became  fixed  in  its  continu- 
ance. Precisely  the  same  reasons  why  we  cannot  change  our  general 
system  into  the  metric  hold  against  our  giving  up  the  metric  system 
in  the  departments  where  it  is  in  use."  It  is  plain,  therefore, 
that  any  inconvenience  Mr.  Sellers  may  find  in  the  size  of  the  metric 
units  is  a  very  subordinate  consideration  in  his  mind,  so  far  as  making 
injectors  is  concerned.  The  ground  of  his  stubborn  opposition  to  the 
metric  system  is  the  difficulty  of  making  a  change.  Wm.  Selleis  &  Co. 
have  not  introiluced  metric  screw-threads  even  into  their  injector  depart- 
ment. The  machine  shop  of  the  American  Watch  Company  uses  a  series 
of  metric  screws  of  45  sizes,  ranging  from  ,05  of  a  centimeter  in  diameter, 
with  100  ihreads  per  centimeter,  up  to  3  centimeters  in  diameter  with 
3  threads  per  centimeter,  which  latter,  by  the  way,  is  not  a  very  small 
size,  being  nearly  equivalent  to  IJ  inches  in  r'iameter,  with  7  threads  per 
inch.  Metric  threads  ha've  been  used  in  France,  differing  from  one  an- 
other, and  from  the  American  Watch  Company's  series.  In  German}', 
the  sizes  of  screws  that  were  previously  in  vise  have  not  yet  been  aban- 
doned, although  the  old  units  for  otiier  mechanical  measurements  gener- 
ally have  been  abandoned;  somewhat  as  in  France  the  old  nvimberingof 
gloves  has  not  been  superseded  by  the  metric  system,  although 
most  articles  of  clothing  are  measured  in  centimeters.  As  no  uni- 
form metric  screw-thread  system  for  ordinary  bolts  and  nuts* 
has  yet  been  generally  adopted  even  in  countries  that  have  adopted  the 
metric  weights  and  measures  for  other  purposes,  the  desirability  of  intei-- 
national  uniformity,  which  is  a  subsidiary  reason  why  we  should  adopt 
the  metric  system  for  other  purposes,  is  a  reason  why  we  should  hesitate 
to  adopt  it  for  screw-threads  at  present.  The  rivalry  of  the  Whitworth 
screw-threads  generally  used  in  Great  Britain,  and  the  U.  S.  standard 
generally  used  in  this  country,  is  liable  to  result  sooner  or  later  in  draw- 
ing attention  to  the  metric  threads.  The  greater  delay  in  introducing 
metric  dimensions  in  screw-threads  than  in  other  things  may  be  at- 
tributed to  the  uncommon  difficulty  of  making  any  change  whatever  in 
them.  That  it  is  not  due  to  any  want  of  adaptation  of  the  metric  system 
to  screw-threads  is  seen  by  comparing  tables  of  metric  and  old  sci'ews. 
Though  as  a  practical  matter  it  seems  a  little  premature,  the  com[iarison 
may  prove  an  instructive  study.  As  an  illustration  of  the  simplicity  of 
the  metric  system  and  of  its  convenience  in  manufacturing,  it  will  do  as 
well  as  something  more  immediately  coming  into  use.  The  metric  series 
presented  in  this  comparison  is  substantially  that  of  Delisle,  master 
machinist  at  Carlsruhe  ;  but  it  embodies  the  slight  modification  made  l\v 
Professor  Reuleaux,  of  Berlin,  who  publishes  it  as  useful  for  technical 
instruction,  though  not  immediately  available  for  constructive  work,  in 

♦  An  account  of  the  Swiss  system  of  small  screws,  such  as  ar-*  used  in  watch  manu 
facture,  was  given  in  the  report  of  our  Metric  Committe?,  presented  March  19,  1884. 
See  Journal  op  the  Association,  Vol.  III.,  p.  130. 
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liis   Coiistructo)'       (See  4tli   Gonnau   Edition,   Bninswick,    1882,   or  2d 
French  Edition,  Paris,  1881.) 

Lei  us  first  consider  tlie  selection  of  diameters  of  bolts  to  constitute 
the  stamiard  sizes.  This  is  exhibited  at  the  top  and  bottom  lines  of  the 
diagram  below,  where  against  the  ordinary  scales  of  length  the  diameters 
of  the  metric  and  United  States  series  are  marked  by  vertical  lines. 
There  is  a  similar  correspondence  of  diameters  to  length  units  in  the 
metric  series,  in  the  United  States  standard  series  and  in  the  Whitworth 


1     INCHES 


3  4  S  6 

CENTIMETERS 

series.  In  all  of  these  the  largest  diameters  correspond  to  consecutive 
subdivisions  of  the  unit  of  length,  and  the  smallest  diameters  to  con- 
secutive smaller  subdivisions,  while  among  the  intermediate  diameters 
there  is  less  regularity  in  the  spacing,  because  the  intervals  want  to 
change  without  changing  abruptly.  Both  inch  and  meter  measures 
permit  a  good  series  to  be  made. 

Let  us  next  consider  the  relation  of  pitch  to  diameter.  The  compar- 
ison is  easily  made  by  looking  at  the  dots  on  the  accompanying  diagram, 
which  are  plotted  by  making  the  diameters  abscissas  and  the  pitchei* 
ordi  nates. 
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It  is  spen  at  a  glance  that  the  relation  of  pitch  to  diameter  is  regular 
in  the  metric  scheme  and  irregular  in  the  United  States  standard  prac- 
tice.    It  can  be  expressed  in  the  metric  scheme  by  simple  formulas — 

Pitch  =  0.4  mm.  +  yV  diameter, 
and 

Pitch  =  2    mm.  +  y^jj  diameter, 

according  a-^  the  diameter  is  less  or  more  than  40  mm.  If  intermediate 
diameter  sizes  s'lould  be  required  (which  is  unlikely)  they  could  conven- 
iently have  intermediate  pitches  to  correspond  according  to  the  same 
formulae,  and  not  break  the  regularity  of  the  relation.  On  the  conti'ary 
the  United  States  series  admits  of  no  such  formula,*  and  the  Whit  worth 
system,  though  not  precisely  the  same,  is  in  this  respect  very  similar  to 
the  United  States  standard. 

The  most  max'ked  difference  between  the  Whitworth  system  and  the 
United  States  standard  is  in  the  profile  of  the  thread,  as  exhibited 
below. 
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The  Whitworth  thread  has  an  angle  of  55  degrees,  corresponding  to  a 
triangle  who'se  altitude  is  0.96  times  its  base  ;  and  as  one-sixth  of  this 
perpendicvilar  distance  is  rounded  off  at  the  root  of  the  thread  and  one- 
sixth  at  the  top,  the  depth  of  the  Whitworth  thread  is  0.64  times  the 
pitch.  The  United  States  standard  thread  has  an  angle  of  60  degrees, 
corresponding  to  a  triangle  whose  altitude  is  0.87  times  its  base,  and  as 
one-eighth  of  this  perpendicular  distance  is  cut  off  at  the  root  of  the 
thread  and  one-eighth  at  the  top,  the  depth  of  the  thread  is  0.65  times  the 
pitch.  The  60  degree  angle,  being  the  angle  of  an  equilateral  triangle,  is 
more  easily  established,  verified  and  adhered  to  than  the  55  degree  :  and 
the  flat  top  and  bottom  are  simpler  to  make  than  the  rounded  form.  This 
difference  of  angle  is  independent  of  the  unit  of  length.  The  Unitevl 
States  standard  form  of  thread  is  just  as  well  adapted  to  the  meter  as  to 
the  inch ;  but  if  it  should  be  adopted  for  metric  screws,  Professor 
Reuleaux  would  recommend  a  little  greater  pitch  in  proportion  to  diam- 


*  The  formula,  p  =  0.24  T  D  4- 0.625  —  0.175,  sometimes  given,  is  comparatiTely 
involved,  and  it  does  not  perfectly  express  the  relation  of  pitch  to  diameter  ;  for  in- 
stance, a  %-inch  bolt  has  really  10  threads  per  inch,  but  this  formula  would  give  9.4. 
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€ter  than  is  sbowu  on  the  foregohig  diagram,  so  tliat  the  formulas  would 
be,  it  2^  denotes  pitch  and  d  diameter — 

jf)  =  2d  from  d  =    4  to  (/  =    8  mm. 

2?  =  0.8  4- 0.1    (/fromd=    8  to  d  =  40  mm. 

p  =  l.G  -|-  0.08  d  fi-om  d  =;  40  to  d  =  80  mm.,  or  more. 
The  metric  scheme  on  the  previous  diagram  showed  everywhere  a 
pitch  less  in  proportion  to  diameter  than  the  United  States  standard,  be- 
cause it  is  intended  for  a  different  form  of  thread.  Most  other  screw 
systems  have  a  smaller  angle  than  GO  degrees,  and  Professor  Reuleaux 
prefers  the  angle  (53  degrees  8  minutes)  belonging  to  a  triangle  whose 
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altitude  is  equal  to  its  base.    This  has  the  advantage  of  ready  verification, 
like  the  United  States  standard  angle.     Taking  off  one-eighth  at  the  top 
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and  one-eiglith  at  the  bottom  of  the  thread,  he  has  the  deptli  of  the 
thread  exactly  three-fourths  of  the  pitch.  Hence,  if  the  pitch  were  the 
same  with  this  thread  as  with  the  United  State3  standard  thread,  the 
depth  would  be  a  little  greater  and  the  strength  of  the  bolt  reduced.  In 
order  to  keep  up  the  effective  diameter  when  the  depth  of  the  thread  is 
0.75  of  the  pitch,  a  smaller  pitch  is  required  than  when  0.65. 

The  metric  screw-threads  are  given  in  tabular  form  on  preceding  pagei 
and  with  them  are  put  three  columns  from  the  table  of  U.  S.  standard 
threads  which  enables  comparisons  to  be  made  in  a  little  different  way 
from  before.  It  takes  more  figures  to  express  the  nominal  diameters  and 
threads  per  inch  in  the  U.  S.  series  than  the  diameters  and  pitches  for 
the  same  number  of  screws  in  the  metric  series.  The  effective  diameters 
in  the  metric  series  are  mostly  exact  tenths  of  a  millimeter,  and  are 
always  expressed  accurately  and  in  the  same  form  as  the  other  dimen- 
sions. In  the  U.  S.  series,  on  the  contrary,  they  are  irregular  quantities; 
they  are  expressed  decimally,  while  the  other  dimensions  are  binary 
fractions;  and  they  are  not  exact  unless  the  decimals  are  carried  out  to  an 
indefinite  number  of  places.  In  respect  to  the  other  dimensions  of  the 
head  and  nut,  there  is  no  important  difference  between  the  systems,  and 
those  of  the  U.  S.  standard  series  are  not  copied  in  the  table.  They  are 
easily  accessible.  Being  written  in  16ths  and  32ds  of  an  inch,  they  require 
more  figures  than  the  metric  dimensions.  The  formulas  are  here  given. 
The  depth  of  the  nut  equals  the  outside  diameter  of  the  bolt  in  both  series. 

Metric.  U.  S.  Standard. 

Depth  of  heatl  = t^,  d  %d  +  ^^"^ 

Short  diameter  of  finished  square  or  hexago 

nal  uut  or  head  = 1  jnm.  -f  d  +  5  p  1)^  d  +  %" 

In  February,  1884,  in  a  lecture  before  the  Franklin  Institute  on  Stand- 
ards of  Length  and  their  Subdivision,  Mr.  Geo.  M.  Bond  explained  the  ex- 
quisite accuracy  with  which  the  Pratt  &  Whitney  Company  have  been 
making  gauges  for  manufacturing  U.  S.  standard  screw-threads  so  that 
bolts  and  nuts  should  be  interchangeable.  He  exhibited  the  standard 
line-measure  bar  upon  which  are  ruled  the  bottom  diameters  of  the 
U.  S.  standard  series  of  threads,  and  stated  that  the  screw  by  means  of 
which  Prof.  W.  A.  Rogers  transferred  the  graduated  lines  to  this  bar 
was  a  metric  screw.  When  the  railroad  companies  and  bolt  manufact- 
urers, in  their  efforts  to  get  accurate  inch  standards,  resort  to  a  metric 
screw  for  the  purpose,  it  would  seem  to  be  time  for  us  to  learn  a  little 
about  metric  screw-threads. 

Metric  screw-threads  could  be  cut  on  lathes  with  inch-divided  leading- 
screws,  if  that  were  desired,  by  the  use  of  a  change  wheel  with  127 
teeth  ;  for  127  millimeters  equal  five  inches.  In  comparisons  made  with 
the  utmost  refinements  known  to  science  there  is  so  slight  a  variation 
from  that  value  that  it  would  be  imperceptible  in  the  measurements  of 
the  machine  shop.  Professor  Rogers  found  (see  Proceedings  American 
Academy  of  Arts  and  Sciences,  1882-3)  the  length  of  the  meter  in  inches 
to  be  39.37037,  according  to  which  0.127m.  is  5.000024  inches,  a  variation 
from  5  inches  of  less  than  one  part  in  200,000. 

To  sum  up,  what  has  been  done  is  to  exhibit  the  magnitudes  of  many 
of  the  principal  metric  units  by  comparison  with  the  old  units  which 
they  are  supplanting,  and  to  exhibit  some  of  the  evidence  which  shows 
the  metric  units  to  be  of  sizes  convenient  for  practical  work. 


THE  THEORY  OF  THE  AMMONIA  REFRIGERATOR.  :i43 
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By  Pkof.  C.  M.  Woodward,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  February  3,  18815.] 


Tlie  special  characteristic  of  ammonia  which  gives  it  value  as  a  refrig- 
erating agent  is  that  it  becomes  (or  remains)  a  liquid  under  a  high 
pressure  at  the  ordinary  temi)erature,  and  under  ordinary  atmospheiic 
pressure  at  a  low  temperature.  It  boils  at  —  40'  F.  in  the  atmosphere, 
and  at  -|-  98^  when  under  a  pressure  of  thirteen  atmospheres.  Never- 
theless, tht)ugh  boiling  at  a  low  temperature,  it  cannot  boil  without  a 
continuous  supply  of  heat  ;  in  oilier  words,  ammonia  has  no  more  tend- 
ency to  boil  of  itself  than  has  water  in  the  tea-kettle.  When  poured 
into  or  along  a  warm  vessel,  the  heat  in  the  vessel  sufiicts  to  boil  the 
liquid  for  a  time  ;  but  when  a  certain  point  of  low  temperature  and 
reacting  pressure  is  reached,  no  more  boiling  will  take  place  till  more 
heat  is  supplied  to  tlie  liquid  through  tlie  walls  of  the  vessel. 

If  now  liquid  ammonia  is  allowed  to  boil  in  a  coil  of  iron  pipe,  absorb- 
ing heat  from  the  substances  enveloping  the  coil,  while  the  ammonia 
gas  flows  away  to  a  pump  by  which  it  is  forced,  under  a  very  high  press- 
ure, into  a  second  coil  enveloped  in  moderately  cool  substances,  it  is 
evident  that  the  heat  absorbed  during  the  process  of  evaporation  in  the 
first  coil  will  be  given  up  again  as  the  gas  liquefies  in  the  second  coil. 
The  liquid  ammonia  being  now  returned  to  its  first  condition,  may  go  the 
round  again  With  a  suitable  supply  of  ammonia  and  a  pump  in  con- 
tinuous operation,  it  is  easily  seen  that  heat  may  be  continuously  with- 
drawn from  one  set  of  substances  and  given  up  to  another. 

The  process  is  so  closely  analogous  to  that  of  heating  by  steam,  as  to 

justify  a  brief  comparison  of  the  two.  ]  JY^^^^  ammonia  \  ^°^^'°=  ^^  a 
\  j"^  ^  r  temperature,  absorbs  a  vast  amount  of  heat  from  the 
•!chmJanro?chamber['  ^'^en  flowing  in  a  state  of  gas  under 
-  ,  ^^.^  I-  pressure  with  a  large  amount  of  latent  heat  involved  in  its 
energy,  it  gives  it  all  up  again  as  it  liquefies  j  ^fi,*^^  [  the  use  of  a  con- 
densing pump.  The  methods  of  finding  the  amount  of  heat  transposed 
in  either  case  are  quite  the  same.  From  experimental  data  we  find  how 
much  heat  one  pound  of  the  liquid  absorbs  as  it  evaporate-,  under  the 
given  conditions  ;  next  we  find  by  proper  measurements  how  much 
liquid,  (■.  e.,  how  many  pounds,  are  evaporated  per  hour. 
Let  us  first  solve  the  ammonia  i^roblem  in  a  gener  form. 
Let^^i  and  Ti  denote  the  pressure  and  absolute  temperature  of  the 
hquid  before  it  enters  the  "  chill  "  coil,  the  pressure  being  in  atmospheres 
and  the  temperature  in  degrees  Fahrenheit.  Letpa;  Ts  be  the  pressure  and 
temperature  of  the  boiUng  liquid  in  the  coils,  and  v^  the  volume  of  one 
pound  of  the  gas  under  the  conditions  pg.  ^a-  It  is  assumed  that  the 
condition  p^,  T.,  is  maintained  by  the  pump,  liquid  always  being  in  the 
coil  pipe,  so  that  the  gas  is  in  a  saturated  condition.  If /f  denotes  the 
vaporizing  heat  (the   amount  of  heat  absorbed  during  evaporation,  and 
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without  chanf2:e  in  temperature)  per  pound  of  the  liquid,  we  liave   from 
the  formulae  of  thermodynamics  : 

±i  -    7-2   t2    I._   ^^^^  (1) 

The  means  at  my  command  for  computing  the  volume  v^  are  chiefly 
theoretical.    From  the  composition  of  ammonia  gas,  by  familiar  methods, 

I  readily  find  the  general  value  of    -=-  to  be  0.0423,  the  gas  being  super- 

T 
heated.      Hence  v  =  —  0.0423.      At  the  point  of  saturation  v  is  doubt- 

P 

less  less  than  the  value  given  by  this  formula.* 

However,  it  is  not  important  to  know  the  exact  value  of  v  at  the  point 

of  saturation,  inasmuch  as  the  gas  generally  becomes  superheated  to  a 

greater  or  less   degree   before  it   leaves    the   chill  coil,   and  the  heat 

absorbed  during  this  supei'heating  exceeds  the  amount  needed  to  equally 

raise  the  temperature  of  a   {)erfect  gas  by  just  the  amount  required  to 

xnake  my  formulae  good.     As  the  volume  is  very  closely  given  by  the 

T 
formula  v  =  —  0.0423,  except  in  the  immediate  vicinity  of  the  point  of 

saturation,  no  sensible  error  is  introduced    by  substituting    it  in    the 
vahie  of  H,  which  thus  becomes  : 

H=--  0.0428   -  [^j^  =  0.116  —  (^^^j^  (2) 

Before  entering  the  pump,  upon  leaving  the  cooling  pipes,  the  gas  is 
always  superheated.  The  heat  absorbed  in  addition  to  the  vaporizing 
heat  is  given  by  the  equation  : 

h  =  {T,  -  Ts)  k, 
in  which  T^  is  the  temperature  of  the  superheated  gas,  and  A:  its  sf)eciflc 
heat  (or  the  heat  required  to  raise  its  temperature  one  degree,  the  press- 
ure remaining  unchanged.) 

The  amount  of  usefid  cooling  done  per  pound  of  liquid  ammonia  may 
now  be  given.  From  the  sum  of  H  and  h  must  be  subtracted  the  heat 
supplied  by  the  liquid  ammonia  which  enters  the  cooling  pipes  at  Ti, 
and  is  cooled  down  to  T,.  It  K  is  the  specific  heat  of  the  liquid,  this 
amounts  to  (T^—T^)  K. 

Hence  the  cooling  effect  of  the  passage  of  one  pound  of  ammonia  is 

C  =  0.116  '^^  ^  +  {T,-T,)  k-{T-T,)  K.  (3) 

Our  next  step  is  to  find  the  amount  of  ammonia  which  passes  through 
the  coils  per  unit  of  time,  which,  for  convenience,  I  shall  take  as  one 
hour.    There  are  several  methods  of  measurement  possible  : 

1.  By  a  gas  meter  in  the  return  pipe  supplying  the  pump. 

2.  By  a  liquid  meter  in  the  pipe  leading  to  the  feed  valve. 

3.  By  indicator  cards  upon  the  pump. 

4.  By  measuring  the  pump  itself  and  determining  the  volume  pumped 
per  revolution. 

•  AS  is  the  case  with  steam.  The  volume  of  steam  at  the  point  of  saturation  at  212* 
is  about  3  per  cent,  less  than  its  behavior  while  superheated  would  lead  us  to  suppose. 
Carbonic  acid  departs  very  much  from  the  volume  of  a  perfect  gas  when  near  the  point 
of  saturation. 
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Tlie  jj;reat  uncertainties  in  regard  to  clearance,  valve  ami  port  spaces, 
and  temperature  in  the  pumps,  render  the  third  and  fourth  methods  less 
trustworthy  than  either  the  first  or  second.  The  Jirst  metliod,  by  gas 
meter,  appears  to  offer  the  greatest  accuracy.  The  temperature  T";,  of 
the  gas  sliould  be  taken  as  it  enters  the  meter.  The  pressure  is,  of 
coiu'se,  7>«.  If  Fis  the  recorded  volume,  in  cubic  feet,  passing  the  meter 
per  liour,  its  weight  will  be  : 

t'a       r,  0.0428'  ^  ' 

and  W  C  is  the  cooling  effect  of  the  apparatus  per  hour. 

luasmuch  as  the  quantities  (Tg  —  T^)  k.  and  (T^  —  Tg)  K  are  both  small 
compared  with  H,  it  may  be  sufficiently  exact  to  assume  that  their 
difference  is  zero.     In  that  case  C,  as  given  by  equation  (3)  becomes  : 

'^'  =  "•""  J-  df  •  *'' 

and  the  total  cooling  effect  per  hour  is  : 

_  0  116     VT,"-  (dp\ 
'*   ^'  -  07)433  •  ~fr\dT),'  ^  ' 

The  ((uantities  V,  T.,,  T^  and  p^  are  to  be  directly  observed  by  means 
of  the  meter,  thermometers  and  a  pressure  gauge.  I  assume  that  they 
are  constant  for  the  hour.  It  will  be  borne  in  mind  that  T°  =  t°  Fahren- 
heit +  459'. 

Ic  is  0.51  :  and  K  may  be  taken  as  0.75.     T^  and  (  v4^)    are  to  be  taken 

from  tlie  diagram  on  the  next  page,*  in  which  is  drawn  to  scale  a  curve 
showing  the  relation  of  pressure  and  temperature  of  saturated  ammonia 
gas  as  determined  by  Faraday. 

In  a  practical  example  investigated  by  me  ia  1883,  I  found  W  by 
measuring  the  pump,  and  arrived  at  tlie  I'esult  that  87  pounds  of  am- 
monia passed  through  the  apparatus  in  one  hour. 

T^  =  459  +  98=  =  5o7^ 

Tg  =  459  +  30^  =  489°. 

Pz  =  f- 
From  the  curve  I  found  that 

r,  =  459  —  23^  =  436. 

(fT^),  =  »»«- 

Substituting  these  values  in  equation  (3),  I  get  C  —  514.5  +  27  —  90.7 
=  451. 

*  The  equation  of  the  curve  shown  in  ihe  diagram  has  been  approximately  obtained  by 
a  former  student  of  mine,  Mr.  J.  H.  Kinealey.  dynamic  engineer.  It  takes  tie  follow- 
ing form  : 

f  being  the  absolute  temperature,  p  the  pressure  in  atmospheres,  «.  6,  n  constants,  as 
follows: 

Log.  a  =  3.4120408. 

Log.  n  =  1.1606501. 

6  =  0.726. 

The  equation  may  be  taken  as  accurate  between  1   and  6  atmospheres.    The  genera  1 

.    <lp       a  I      ,    ,  ,  1  —  n 
va.ueof  —  =  -[p+6^ 
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Hence.  W  C  =  87  X  451  =  89.237  heat  units  per  hour.  This  is  equal 
to  the  heat  absorbed  by  the  melting  of  276  pounds  of  ice  at  32*,  or  3^  tons 
of  ice  in  twenty-four  hours. 

Had  pg  been  2,  instead  of  f ,  while  V  and  T^  remained  the  same,  equa- 
tion (4)  shows  W  would  have  been  116  instead  of  87  ;   T^  would  have 

been  459  — 11  =  448,  and  {^-^  J     would  equal  0.0421. 

These  values  in  equation  (3)  give  C  =  494.7  +  21  —  81  =  435  ;  so  that 
WC  =  116  X  435  =  50,460  heat  units  per  hour — a  great  increase  over  the 
former  amount. 

Similarly,  had  p,   —  |,  T,  would  have  been  459.5  (practically  0°  Fah- 

renlieit),  and    fej    0.0486. 

"Whence,  from  equation  (4)  W  —  145,  and  from  equation  (3)  C  =  476  + 
15  —  74  =  417,  and  WC=  145  X  417  =  60,465  heat  units  per  hour. 

The  important  effect  of  increasing  the  pressure  p,  is  thus  evident, 
though  it  should  not  be  overlooked  that  the  temperature  of  the  refrig- 
erating pipes  rises  asp,  rises. 

As  before  remarked,  the  heat  absorbed  in  the  "chill"  coils  is  to  be 
given  up  later  by  the  condensing  gas  in  the  "  condenser"  coils.  But  not 
that  heat  alone.  The  work  of  the  engine  driving  the  pump  takes  the 
form  of  heat  imparted  to  the  gas,  and  this,  as  well  as  the  other,  is  to  be 
given  up  in  the  condenser. 

If  the  gas  is  pumped  from  a  pressure  pg  to  the  pressure  Pj,  the  imme- 
diate effect  is  to  greatly  increase  the  temperature  from  T^  to  Ti,  which 
is  given  by  the  equation  : 


--Mf-;)^^-(f-;r 


The  work  (in  heat  units)  done  by  the  engine  in  compression  is,  per 
pound  of  gas, 


Ih 


(r,  -  r,)  0.391  =  T,  f  r-M      -  Ij  0.391  (8) 

Which,  when  multiplied  by  W  and  added  to  WC,  gives  the  total  amount 
of  heat  which  is  to  be  withdrawn  from  the  compressed  gas  per  hour  in 
order  to  allow  it  to  condense  to  a  liquid  at  the  initial  temperature  and 
pressure  T-^, p^. 
This  amount  is  : 

S  =  W\c-\rTA  [^-  \""  -  1  ]  0.391 1  (9) 


=  WVc-\-tJ  l^hY'"^^-  1^  0.391] 


If  this  heat  is  carried  off  by  running  water,  which,  when  flowing  away 
has  a  mean  temperature  D^'  higher  than  it  had  on  entering  the  condenser, 
the  amount  of  water  needed  per  hour  to  supply  the  condenser  (including 
the  water  jacket  of  the  pump)  is  : 

S 

— .  =  hourly  water  supply.  (10) 

To  illustrate  the  use  of  the  formulae,  let  T^  =  489  ;  Pi  =  13  ;  pj  =  2  ; 
ihen  T^  =  459  -\-  384'  =  843%  by  equation  (7).     From  equation  (9)  obtain 
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S  =  116  (435  +  138.4)  =  66,514  ;  and  if  D"  =  50%  the  hourly  water  supply 
=  66.514  -^  50  =  1,330  pounds. 

{Note. — I  have  made  no  allowance  for  heat  radiated  nor  for  that  absorbed 
by  supply  and  return  pipes  from  undesirable  sources.  Such  allowances 
must  be  made  separately  for  each  plant.] 


PILE  DRIVING. 


By  E.  H.  Beckler,  Member  of  the  Western  Society  of  Engineers. 
[Read  March  S,  1886.] 


The  notes  for  this  paper  have  been  gathered  from  the  construction 
records  of  the  St.  Louis  River  bridge,  on  the  Northern  Pacific  Railroad, 
at  Duluth,  Minn.  It  is  not  probable  that  any  new  facts  have  been  dis- 
covered on  the  above-mentioned  work,  but  there  are  many  little  detaUs 
connected  with  pile  foundations  and  pile  bridges  of  considerable  length 
that  are  interesting  and  useful  to  an  engineer  who  may  be  engaged  upon 
work  of  this  character.  In  order  that  such  information  may  be  useful, 
it  is  necessary  that  there  shall  be  made  known  the  governing  conditions 
and  circumstances,  which  must  be  considered  in  their  relations  to  the 
results  of  the  work. 

The  St.  Louis  River,  having  its  source  in  several  small  lakes  near  the 
northern  boundary  of  Minnesota,  after  wandering  about  through  the 
woods  and  swamps,  trying  all  points  of  the  compass  in  vain  attempts  to 
get  somewhere,  approaches  within  a  few  miles  of  the  Mississippi  River, 
and  as  if  afraid  of  the  prospect  of  traveling  to  the  Gulf  of  Mexico,  makes 
an  abrupt  turn  eastward,  and  goes  tumbling  down  over  granite  and 
sandstone  ridges,  till  it  reaches  nearly  the  level  of  Lake  Superior.  Here 
it  begins  to  loiter  and  spread  out,  covering  a  wide  tract  of  country,, 
receiving  a  variety  of  names— Spirit  Lake,  St.  Louis  Bay,  Duluth  Harbor, 
and  lastly,  Superior  Bay.  The  St.  Louis  River  Bridge  crosses  the  St. 
Louis  Bay  from  West  Superior  to  Rice's  Point,  one  of  the  divisions  of 
Duluth. 

This  bridge  has  a  total  length  of  5,607  feet,  composed  of  pile-trestle 
and  truss  spans,  as  follows,  beginning  at  the  south  end  :  Pile-trestle,  117 
bents,  15-foot  spans,  1,756  feet;  draw-span,  302  feet;  pile-trestle.  151 
bents,  15-foot  sjjans,  2,277  feet ;  combination  fixed  span.  165  feet  ;  draw- 
span,  247  feet ;  pile-trestle,  56  bents,  860  feet. 

The  foundations  for  the  masonry  piers  are  grillages  of  pine  timber 
placed  ujjon  piles. 

The  country  through  which  the  St.  Louis  River  flows,  a  succession  of 
pine  woods  and  tamarack  swamps,  conveys  an  idea  of  the  material  to  be 
found  at  the  bottom  of  St.  Louis  Bay,  through  which  the  piles  were 
driven.  Starting  at  the  south  end  (the  bridge  lies  in  a  north  and  south 
line),  there  are  400  feet  of  approach  on  shore.  The  soil  is  red  clay,  a  depth 
of  about  jseven  feet  with  an  underlying  stratum  of  sand.  From  the 
shore  the  bottom  slopes  off  quite  slowly  for  1,000  feet,  until  the  depth  of 
low  water  is  8  feet,  the  clay  stratum  diminishing  in  thickness,  and  dis- 
appearing, 600  feet  from  shore.  After  the  depth  of  8  feet  of  water  is 
reached,  the  bottom  is  nearly  level,  a  distance  of  3,000  feet,  to  the  river 
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channel.  The  underlying  stratum,  probably  sand,  is  not  so  nearly  level 
as  the  surface  of  the  mud,  if  one  can  judge  by  differences  of  penetration 
of  the  piles.  These  differences  would  indicate  that  there  were  several 
ridges  and  hollows  tilled  with  the  river  sediment,  decomposed  vegetation 
mixed  with  clay  and  sand.  In  some  places  the  sediment  has  a  depth  of 
38  feet  to  40  feet,  and  everywhere  is  very  soft  on  top,  ^  The  river  chan- 
nel is  350  feet  wide,  ciit  from  the  soft  mud,  giving  a  depth  of  17  feet  of 
water.  North  of  the  channel  the  mud  has  disappeared,  and  the  material 
is  sand  the  remaining  distance  to  the  north  end  of  the  bridge.  There  is 
very  little  current  to  the  water  except  in  the  channel,  and  sometimes  a 
wind  from  the  lake  drives  the  water  up  the  bay. 

A  profile  was  made  showing  the  depth  reached  by  each  bent  of  piles 
and  each  foundation,  which  gave  the  above  information  concerning  the 
depth  of  mud  at  various  points.  The  accompanying  reduced  profile, 
showing  every  seventh  bent,  shows  the  same,  although  not  quite  so 
plainly.  This  only  illustrates  that  in  driving  piles,  as  in  many  other 
branches  of  engineering,  the  engineer  does  not  fully  know  how  to  pro- 
ceed with  the  work  until  it  is  finished. 

The  profile  of  the  underlying  bed  of  St.  Louis  Bay  was  a  very  important 
thing  to  know  before  ordering  the  2,300  piles  necessary  for  the  structure. 
An  approximate  profile  was  obtained  by  driving  test  piles  at  intervals  of 
about  300  feet  along  the  centre  line  of  the  bridge.  When  any  great 
difference  in  the  driving  was  noticed,  an  intermediate  pile  was  driven. 
These  piles  were  driven  from  a  scow,  and  the  300-foot  spaces  w^ere  meas- 
ured by  tying  a  rope  to  each  last  pile  driven.  The  correct  position  of 
each  pile  was  afterward  ascertained  by  triangulation. 

The  records  of  test  piles  were  kept  as  follows  : 
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PENitTaATION   FOR  EACH  10  CONSECDTIVE  BLOWS. 

13'    14'     16"    17"      15"       12"       12" 
50      60      70      80      90      lUO      110      120 

The  fall  given  is  for  the  last  10,  20  or  30  blows.  The  apparent  increase 
of  penetration  in  the  example  given  betw^een  the  60th  and  100th  blows, 
was  owing  to  the  length  of  the  pile,  wiiich  permitted  only  a  short  drop 
of  the  hammer.  The  notes  relating  to  the  dimensions  of  the  piles  and 
the  driving  were  taken  at  the  time  by  the  inspector ;  the  other  notes 
referring  to  the  elevations  were  obtained  afterward  by  the  engineer.  It 
was  intended  to  drive  each  test  pile  until  it  fulfilled  the  requirement  of 
the  specifications,  viz.,  "Penetration  not  to  exceed  one  inch  under  the 
last  blow  of  2,000  poiinds  hammer  with  drop  of  20  feet  or  equivalent."' 

By  means  of  the  test  pile  records,  with  the  profile  made  from  them,  a 
list  of  piles  for  the  structure  w^as  made.  The  list  gave  piles  varying  in 
length  from  24  to  67  feet,  and  the  piles  were  put  in  as  at   first  rrranged. 
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with  very  few  alterations.  It  is  not  possible  that  the  length  of  piles  re- 
quired could  have  been  determined  so  satisfactorily  by  sounding  or  bor- 
ing, and  the  additional  information  derived  from  the  test  piles,  as  to  the 
number  of  blows,  and  thereby  the  time,  was  more  than  worth  the  ex- 
pense. 

The  driving  of  the  piles  for  the  bridge  proper  began  the  11th  of  Decem- 
ber. 1884,  after  the  ice  was  formed  in  the  bay.  By  the  specifications  only 
white  pine,  tamarack,  or  oak  could  be  used  ;  but  owing  to  the  diflSculty 
of  obtaining  such  long  straight  trees,  Norway  pine  was  allowed  for  lengths 
over  45  feet.  No  oak  was  furnished,  and  but  few  tamaracks.  It  was  soon 
found  that  the  Norway  pine  was  the  preferred  wood,  on  account  of  not 
splitting.  A  great  many  days  the  thermometer  was  lower  than  minus  15 
degrees,  and  it  was  seldom  that  a  white  pine  could  be  driven  without 
shattering  it  in  such  severe  weather.  Most  white  pine  piles  over  50  feet 
long  that  were  tried  had  to  be  cut  down  and  replaced. 

At  first,  to  prevent  splitting,  the  head  of  the  pile  was  protected  by  an 
iron  follower  weighing  900  pounds,  which  also  served  to  hold  the  pile  in 
place,  the  follower  being  made  to  run  in  the  leaders  like  the  hammer. 
The  advantages  in  the  use  of  the  follower  were  more  imaginary  than 
real,  and  there  was  one  serious  objection.  For  holding  the  pile  in  posi- 
tion, yokes,  staples  and  bars  were  more  certain,  and  the  apparent  good 
condition  of  the  pile  head  after  driving  was  quite  deceptive.  When 
sawed  off  it  was  invariably  seen  that  the  blows  had  shaken  the  timber 
Tintil  the  layers  or  rings  were  separated,  and  they  could  be  removed  in 
pieces  one-half  to  three  inches  thick,  leaving  only  a  small  circular  core. 
The  objection  to  its  use  was  that  it  greatly  reduced  the  effect  of  the  blow. 
A  piece  of  hard  wood,  generally  elm,  was  placed  in  the  top  of  the  fol- 
lower to  receive  the  blow,  and  after  being  struck  a  few  hundred  times 
the  fibers  became  separated,  and  the  block  received  the  blow  very  much 
like  a  piece  of  india-rubber.  Also  the  force  of  each  blow  expended  in 
driving  the  additional  weight  of  900  pounds,  on  top  of  the  pile,  was  not 
inconsiderable.  An  equal  number  of  blows  upon  a  pile  banded  with  a 
wrought-iron  ring  i  inch  X  2i  inches  would  show  an  increase  of  total 
penetration  amounting  to  two  to  three  feet,  in  each  case  the  pile  being 
driven  until  the  last  ten  blows  drove  it  10  inches.  This  difference  oc- 
curred when  piles  were  being  driven  15'  to  20'.  In  other  words,  the  loss 
in  effectiveness,  due  to  the  follower,  as  determined  by  quite  a  number  of 
piles,  was  from  one-fifth  to  one-sixth. 

On  account  of  the  danger  from  piles  being  pulled  by  the  ice,  the  ex- 
periment of  driving  a  stick  in  its  natural  position,  butt  down,  was  tried. 
Two  piles,  driven  14  feet  apart,  gave  results  as  shown  in  sample  of  records 
following.  It  was  proposed  at  first  to  drive  quite  a  num  ber  of  piles  in  that 
way,  but  there  were  several  good  reasons  for  discontinuing  the  practice. 
One  objection  was,  with  piles  of  such  great  length  the  small  amount  of 
heart  wood  in  the  stick  above  water,  where  the  top  was  only  required  to 
be  10  inches  diameter,  would  lead  to  the  decay  of  the  piling  in  a  very  few 
years.  The  small  area  of  the  pile  head  receiving  the  blow  of  the  ham- 
mer rendered  it  quite  impossible  to  drive  the  piles  a  sufficient  distance, 
without  seriously  shattering  and  damaging  the  stick.  The  pile  drove  so 
slowly  that  the  number  of  blows  required   to  drive  it  until  it  "  brought 
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up"  would  have  increased  the  cost  of  driving  fully  twenty-five  per  cent. 
It  is  reasonable  to  suppose  that  the  ice  would  not  pull  a  pile  driven  butt 
down  so  easily  as  the  other  way,  provided  they  were  driven  to  the  same 
depth.     It  was  imi^ossible  to  drive  to  tne  same  depth  hei-e. 

The  records  of  driving  that  ai'e  usually  kept  are  of  very  little  use. 
Usually  the  piles  are  driven  by  contract,  and  often  it  is  left  to  the  fore- 
man to  "chock  the  hammer"  when  he  thinks  he  has  poimded  the  pile 
long  enough.  The  penetration  under  a  given  number  of  blows  and  the 
total  distance  driven  are  hardly  thought  of,  much  less  recorded,  and  to 
a  person  wishing  to  make  a  calculation  upon  the  sustaining  power,  or 
desiring  to  renew  the  bridge,  there  is  only  matter  for  speculation.  The 
possibilitv  of  this  structure  being  injured  by  ice,  and  the  proba- 
bility of  some  renewals  and  changes,  perhaps,  for  pier  foundations,  made 
it  quite  necessary  that  complete  records  of  the  driving  should  be  kept. 
If  no  other  good  resulted  from  it,  the  inspector,  with  his  time  fully 
occupied  counting  blows,  measuring  penetrations,  notingtimeand  lengths 
and  diameters,  could  feel  that  he  was  something  besides  "a  presence." 

The  accompanying  form  of  notes  was  kept  throughout  the  work:  the 
columns  giving  elevations  were  supplied  by  the  engineer  while  marking 
the  height  of  "  cut-off  "  for  the  bridge  men.  A  price  being  made  for  the 
"  piles  cut  off,"  made  it  necessary  that  those  lengths  be  recorded.  Since 
it  requn-ed  no  additional  force  in  the  engineering  corps,  and  served  ta 
fully  employ  those  necessary  to  the  work,  there  is  much  to  commend 
such  a  system  and  nothing  to  say  against  it. 

Pile  drivers  were  built  expressly  for  the  work,  with  leaders  65  feet 
long.  The  engine  for  raising  the  hammer  was  placed  upon  the  driver 
platform  and  so  gave  it  stability  and  reduced  the  labor  of  moving. 

It  was  the  custom  to  note  the  time  when  the  first  and  last  blows  were 
struck  upon  each  pile.  With  a  fall  of  20  feet  the  average  was  seven 
blows  per  minute.  It  was  found  quite  desirable  to  know  the  time  lost 
at  all  break-downs,  etc.,  and  the  cause  for  the  delay. 

Those  employed  by  contract  do  not  generally  attach  sufiicient  impor- 
tance to  the  fact  that  a  short  fall,  10  to  15  feet,  with  a  heavy  hammer, 
2,600  pounds,  will  drive  a  pile  further  without  injury  than  the  long 
drop  and  light  hammer.  More  blows  are  required,  but  not  much  addi- 
tional time  witli  the  hammer  raised  by  an  engine. 

For  determining  the  sustaining  power  a  sufiicient  variety  of  formulae 
are  to  be  found  in  •'  Bearing  Piles,"  Rudolph  Hering,  M.  A.  S.  C.  E. 

The  following  tables,  made  up  from  the  records,  will  give  an  idea  of 
the  amount  of  a  day's  work  in  number  of  piles  and  lineal  feet  ;  the  ratio 
of  piles  cut  off  to  piles  in  structure  ;  the  number  of  blows  required  to 
drive,  and  various  other  points  of  information. 

It  may  not  be  out  of  place  to  mention  something  of  the  action  of  the 
ice  upon  a  pile  bridge  in  such  a  locality.  The  test  piles  were  driven  in 
October,  while  the  bridge  was  not  begun  until  the  ice  had  attained  a 
thickness  of  two  feet,  and  was  rapidly  increasing,  with  the  temperature 
of  the  air  seldom  above  zero  for  two  months.  It  was  observed  during 
the  cold  weather  that  a  contraction  was  taking  place  in  the  ice,  causing 
cracks  to  appear,  of  various  widths  up  to  eight  inches,  aggregating  about 
two  feet.     There  was  also  a  falling  of  the  water,  probably  due  to  the 
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westerly  wind,  which  is  common  with  the  cold  weather  about  Lake 
Superior  in  winter.  The  test  piles  were  somewhat  inclined,  and  moved 
up  stream  with  the  shifting  ice. 

A  rising  temperature,  with  an  easterly  wind  from  off  the  lake,  driving 
back  the  water,  lifted  the  ice  and  closed  the  cracks  and  tlirew  up  a 
ridge  two  or  three  feet  high,  nearly  parallel  to  the  bridge  Line.  Another 
cold  snap  coming  on,  the  same  action,  as  above  described,  was  repeated. 
It  was  found  tliat  nearly  all  the  test  piles  were  broken  off  (some  feet  be- 
low the  ground  surface,  where  the  material  was  soft  at  the  top),  and  the 
broken  portions  were  raised  by  the  ice.  Two,  and  perhaps  three,  piles, 
which  were  38  to  40  feet  in  mud,  were  raised  whole.  The  pointed  ends  of 
two  were  finally  brought  above  the  ice,  by  other  means,  after  the  ice  had 
raised  them  10  or  12  feet  in  about  six  weeks.  The  water  surface  some- 
times changed,  in  elevation,  0.5  foot  in  an  hour. 

Some  bents  of  piles  capped,  but  not  braced,  were  swayed  badly  out  of 
line,  and  inclined  longitudinally.  In  times  of  considerable  ice  action, 
centres  on  the  completed  structure  showed  a  lateral  deviation  of  0.15  foot. 

After  the  ice  surface  had  received  a  covering  of  snow,  there  was  less 
action.  The  ice  attained  a  thickness  of  4  feet  in  many  places  along  the 
bridge.  There  appears  to  be  little  or  no  danger  from  pulling,  but  the 
combined  strength  of  four  piles  in  each  bent  may  be  severely  tried  in 
resisting  the  lateral  pressure. 

The  most  trying  (the  early)  portion  of  another  winter  has  now  passed 
(Jan.  1),  and  no  harm  has  been  done  to  the  structure. 

SUMMARY  OP  WORK  OF  ONE  DRIVER. 


Dates. 


1884. 
Piles  from  23'  to  45'  long. 

Dec.  11  to  31 

Jan.  1  to  5  and  10  to  14.. 

Piles  over  45'  long. 
Jan.  5  to  10  and  14  to  31.. 

Feb.  1  to-.J8 

Mar.  1  to5 
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5,785 
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25,036 

4,789 


cc  a 
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19H 
23  3-10 

t25  1-10 
19  1-5 


Sv-i       ra 


621 
1,006 

1,485 
1,268 
1,473 


go'? 


C)  o  o 


$454.43 
212.57 

539.61 
747.74 
135.75 


$0.06969t 
0.0367 

0.0250& 

0.0298 

0.0284 


Average  cost  per  lineal  foot,  piles  less  than  45  feet  long. 
"  ••      "       '•  "         "    over  ■•      "     "     . 


50.0542 
0.0277 


»  Contractors,  Winston  Bros,  of  Minneapolis.    Actual  cost  of  driving  after  the  piles 
were  delivered  at  the  pile-driver, 
t  Some  delay  on  shore  by  frozen  ground. 
i  The  best  record  was  120  piles  =  6,600  feet  in  4  consecutive  days. 

TOTAL   PILING   USED   IN   STRUCTURE. 


Number. 


Lineal 
feet. 


Average 
length. 


Piles  less  than  51'  long 

"    from  51'  to  60'  '"  . 

"     60'  to  70'  "  . 

Total...   


1,197 
595 
547 


50,758 
.33,104 
36,248 


2,339 


120,110 


51.3 
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Pile  bridging: 

Foundations,  7  piers  .. 
Draw  proteotiinis     .. 
Temporary  brulge  ..    . 
Other  temporary  work 


Number 
of    piles. 


1.376 

461 

3!6 

120 

6b 


•2,339 


Total 
length. 


120.110 


Length 
belo* 
cut-off. 


64,782 

11,001 

14.815 

6,6^9 


Length 
cut-off. 


6.825 

10,786 

1,184 

303 


A  verage 
cut-off. 


4.96 
i3.39 
2.44 
2.53 


Note.— Length  of  cut-off  in  pile  bridging  was  considerably  increased  by  the  cold 
weather.  With  temperature  from  zero  to  —  30°,  piles  began  to  split  before  being  fully 
driven. 

In  foiindation.f  deduct  20'  from  cut-off  to  bring  head  of  pile  above  water. 

In  draw  protections  "  average  cut-off '^shows  omission  of  18  piles,  which  were  cut  off 
under  water. 


CREMATION  OF  GARBAGE. 


By  John  Zellweger,  Member  of  the  Western  Society  of  Engineers. 
[Read  Februarj^  2,  1886.] 


Garbage  comprises  household  and  market  refuse  and  consists  of 
organic  and  inorganic  matter  in  varying  proportions  according  to  the 
season.  The  organic  matter  is  of  vegetable  or  animal  origin  and  the 
inorganic  consists  principally  of  ashes  and  water.  Under  the  influence 
of  the  atmosphere,  of  moisture  and  of  heat,  garbage  is  subject  to  decay, 
and  then  becomes  a  source  of  danger  to  our  health  ;  its  prompt  disposal 
is  therefore  an  important  factor  in  the  care  for  public  health. 

Garbage  is  disposed  of  either  by  simple  removal  by  teams  and  cars  to 
points  outside  of  cities  and  towns,  and  there  used  as  manure  or  as  filling 
and  left  to  itself,  or  it  is  collected  at  stations  within  the  cities  and  there 
destroyed  by  heat  as  fast  as  it  accumulates,  and  the  ashes  used  as  filling 
for  streets,  etc. 

The  destruction  of  the  organic  portion  of  garbage  is  based  upon  the 
decomposing  effect  of  heat  on  the  combination  of  elements  contained 
therein,  and  upon  the  affinity  of  some  of  these  elements  for  oxygen.  The 
process  of  destruction  is  effected  in  an  apparatus  designed  to  expose  the 
charge  and  the  gases  emanating  therefrom  to  a  high  heat  and  to  the 
contact  of  hot  air.  The  heat  required  for  this  purpose  is  produced  by 
combustion  of  garbage  with  or  without  additional  fuel.  For  the  sake  of 
economy,  it  is  desirable  that  the  process  of  destruction  be  self-sustain- 
ing—that is,  that  the  heat  required  be  produced  by  the  combustion  of 
the  carbon  and  hydrogen  in  the  organic  compounds  and  in  the  coke  in 
the  ashes. 

The  problem  of  destroying  garbage  by  heat,  therefore,  involves  the 
construction  and  operation  of  a  furnace  that  will  completely  and 
economically  burn  great  quantities  of  a  fuel  containing  a  large  percentage 
of  ashes  and  water.  The  capacity  of  a  garbage  furnace  and  the  economy 
of  its  operation  are  greatly  dependent)  upon  the  quantity  of  an  organic 
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admixture  to  the  fuel,  and  it  is  therefore  indicated  either  to  collect  the 
organic  matter  as  much  as  possible  free  from  ashes  and  non-fuel,  or  to 
separate  it  from  them  by  means  of  screens  before  charging  into  the 
furnace.  Water  and  other  liquids  should  be  drained  out  of  the  garbage 
intended  for  cremation,  and  can  be  conveyed  under  the  grate  of  the 
furnace,  there  vaporized  and  passed  through  the  incandescent  fuel  for 
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decomposition.  Garbage  cannot  be  completely  destroyed  by  direct 
charging  and  burning  on  an  ordinary  grate  without  an  excessive  use 
of  additional  fuel ;  it  requires  a  systematic  treatment  and  a  furnace 
adapted  to  the  same.  The  cremation  of  garbage  consists  of  several 
distinct  processes,  which  may  be  classified  as  follows  : 

1.  The  drying  of  the  fresh  charge. 

2.  The  destructive  distillation  of  the  dry  matter. 
3.|The  burning  of  the  remaining  charcoal  and  coke. 


CREMATION  OF  GARBAGE. 


as? 


4.  The  deromposition  and  oxidation  of  the  organic  vapors  and  gases 
produced  in  drying  and  charring  the  garbage. 

These  several  processes  must  be  carried  on  separately  and  in  different 
parts  of  the  furnace,  so  that  the  consumption  of  heat  does  not  interfere 
with  its  production.  It  is  essential  for  the  successful  cremation  of  gar- 
bage that  the  full  calorific  power  of  the  fuel  be  developed,   and  all  the 
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available  heat  be  transferred  to  the  tire  gases  before  these  are  allowed 
to  mingle  with  the  aqueous  vapors  and  organic  gases  rising  from  the 
fresh  charges  in  the  furnace.  The  heat  produced  by  the  combustion  of 
charcoal,  coke  and  the  gases  expelled  by  destructive  distillation  is  then 
brought  to  act  upon  the  gases  mingled  with  and  protected  by  steam,  to 
decompose  them  and  to  cause  their  oxidation  in  the  accompanying  air. 
The  accompanying  drawings  represent  a  battery  of  two  garbage  fur- 
naces, each  of  7  tons  capacity  for  24  hours.    The  garbage  is  to  be  hauled 
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on  top  of  tlie  furnaces  by  wagon  and  deposited  in  an  iron  bin,  wliere  it 
can  drain  itself  of  water  ;  from  this  bin  it  slides  by  gravity  on  to  a  solid 
inclined  plane  in  the  furnace,  and  is  here  exposed  to  radiant  heat  from  a 
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hot  brick  arch  above  it,  and  to  the  contact  of  hot  fire  gases  passing  over 
it.  When  by  the  action  of  heat  and  ventilation  the  material  has  become 
dry,  it  is  pushed  down  the  inclined  plane  and  replaced  by  a  fresh  charge. 
The  garbage,    on   descending  the   intlired  plane,  is  exposed  to  higher 
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dep:rees  of  lieat,  and  undergoes  destructive  distillation,  the  charcoal 
formed  is  pushed  on  to  the  step  grate  at  the  foot  of  the  inclined  plane, 
where  it  commences  to  Imrn,  and  is  finally  consumed  on  the  level  grate 
in  the  bottom  of  the  furnace  chamber.  The  gases  exjtelled  bj'  heat  from 
the  dried  garbage  on  the  inclined  plane  ignite  witli  the  free  oxygen  of  the 
surj)lus  air  athnitted  thr<nigh  the  grates.     The  hot  tire  gases  then  mingle 
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with  the  aqueous  vapors  rising  from  the  fresh  charges,  and  on  their  way 
through  a  secondary  tire-room  above  the  furnace  chamber  decoTiipose 
the  organic  gases  that  may  be  contained  in  those  vapors.  Should  the 
heat  produced  by  the  combustion  of  garbage  alone  not  be  sufficient,  it 
becomes  necessary  to  spread  fine  coal  (screenings)  over  the  fire  through 
the  two  doors  in  the  rear  of  the  furnace.  Ashes  and  clinkers  found  on 
the  grate  are  pushed  directlv  into  suitable  vragons  placed  underneath  it. 


260 


ASSOCIATION  OP  ENGINEERING  SOCIETIES. 


Back  of  the  fire-room  and  above  the  furnace  chamber  is  a  dust  chamber^ 
accessible  through  two  doors,  and  above  this  chamber  is  the  chimney 
flue,  provided  with  a  damper  for  each  furnace.  The  chimney  is  a  brick- 
lined  iron  tube,  set  on  top  of  the  furnaces,  and  stayed  sideways. 

Assuming  that  the  garbage  is  deposited  in  the  bin  by  the  scavengers 
who  collected  it,  and  that  the  ashes  and  clinkers  are  hauled  off  by  the 
same  men,  it  takes  but  one  man  to  attend  to  two  furnaces,  causing  an 
expense  of  21  cents  per  ton  of  garbage  destroyed  if  no  coal  is  used,  and 
of  36  cents  per  ton  of  garbage  if  1  ton  of  screenings  is  used  in  each  fur- 


nace for  24  hours.  Since  garbage  as  a  rule  does  not  require  additional 
fuel  for  its  destruction  the  average  cost  of  the  process  will  not  exceed  25 
cents  per  ton.  Among  the  special  advantages  afforded  by  a  garbage 
furnace  is  the  possibility  of  effectively  destroying  matter  that  can  not 
otherwise  be  well  disposed  of,  such  as  infected  articles,  dead  animals, 
etc.  For  the  destruction  of  large  quantities  of  garbage  the  necessary 
furnace  capacity  may  be  provided  for  either  at  several  separated  stations 
to  save  haulage,  or  at  one  central  station  to  facilitate  management  and 
attendance  :  in  the  latter  case  all  the  furnaces  may  be  connected  to  one 
common  chimney  of  large  dimensions. 
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THE   WORK  OF  THE   UNITED  STATES  TESTING  MACHINE  AT 
WATERTOWN  ARSENAL,  MASS. 


By  J.  E.  Howard,  Engineer  in  Charge  of  Testing  Machine  at  Water- 
town   Arsenal. 
[Remarks  ma  ie  at  Dinner  of  Boston  Society  Civil  Engineers,  March  17,  l-^SG.] 


There  are  three  classes  under  whicli  the  tests  made  at  Watertown 
Arsenal  may  be  considered  : 

1.  Tests  made  for  the  Ordnance  Department  and  other  departments  of 
the  Government. 

2.  Tests  made  for  private  parties. 

3.  Indusirial  tests. 

The  first  class  includes  those  tests  made  on  the  physical  properties  of 
all  material  used  for  ordnance  construction  and  the  experimental  eluci- 
dation of  those  problems  associated  with  gun  work. 

The  second  class  of  testgi  are  made  for  engineers,  manufacturers  and 
consumers  of  structural  material,  and  relate  to  the  quality  of  the 
metal  examined  in  the  sample  bar  and  in  full-sized  members.  The 
results  of  these  tests  are  made  known  only  to  the  parties  on  whose 
account  the  work  is  done.  All  other  tests  are  reported  annu  ally  to  Con- 
gress and  published  as  a  public  document. 

The  industrial  tests  comprise  both  an  examination  of  the  qualities  of 
the  metals  and  their  strength  in  various  combinations,  also  the  develop- 
ment of  the  principles  and  laws  which  govern  the  strength  of  compli- 
cated structures. 

The  principal  lines  of  investigation  being  carried  on  are  some  exten- 
sive tests  of  bridge  columns  ;  riveted  joints  in  both  iron  and  steel  plate  ; 
material  subjected  to  long-continued  service ;  brick  piers  ;  wooden  col- 
umns :  tests  of  hot  bars  of  wrought  iron,  cast  iron  and  steel. 

Referring  briefly  to  the  industrial  tests,  the  following  results  may  be 
mentioned  as  embodying  certain  facts  more  or  less  at  variance  with  gen- 
erally accepted  notions  on  the  strength  of  materials. 

The  column  tests  have  shown  the  resistance  of  ordinary  forms  of 
built  posts  in  different  cross-section  dimensions  and  lengths. 

The  tendency  of  compression  tests  is  toward  that  improvement  in 
design  and  w-orkmanship  by  which  a  resistance  equal  to  the  elastic  limit 
of  the  material  is  reached,  whether  the  column  be  longer  or  shorter. 

The  manner  of  failure  indicates  a  practical  limit  to  columns  in  terms  of 
their  diameters,  long  posts  failing  by  sudden  springing  after  the  deflec- 
tion has  reached  a  small  amount,  at  once  reducing  the  resistance  40  per 
cent,  or  more  ;  whereas,  with  shorter  posts  there  is  no  sudden  loss  in 
strength:  the  deflection  takes  place  gradually  with  a  gradual  reduction 
in  resistance. 

In  the  tests  of  riveted  joints  their  behavior  is  observed  and  micrometer 
readings  taken  on  the  specimens  from  the  first  loads  up  to  the  time  of 
rupture. 
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Generally  speaking,  the  efficiency  of  joints  in  steel  plates  has  been  found 
higher  than  in  iron;  a  joint  of  the  former  metal  was  tested  which  gave 
90  per  cent.,  the  strength  of  the  solid  sheet. 

It  is  inferred  from  a  comparison  of  the  behavior  of  joints  and  the 
solid  metal,  that  in  steam  boiler  piactice  it  would  be  desirable  to  arrange 
the  longitudinal  seams  of  a  cylindrical  boiler  nearly  in  lines  from  end  to 
end,  and  not  break  joints  in  the  different  courses  of  sheets,  as  commonly 
done. 

The  comparative  influence  of  punched  and  drilled  holes  on  the  strength 
of  the  metal  is  shown  to  depend  upon  the  proportions  of  the  test  pieces^ 
Numerous  instances  have  been  met  in  which  the  punched  plates  exceeded 
in  strength  the  drilled  plates.  Punching  produces  an  effect  analogous  to 
cold  swaging  or  cokl  rolling,  well-known  methods  for  elevating  the 
tensile  strength.  In  a  joint  with  close  pitched  holes  the  effect  of  the 
punching  is  felt  across  the  net  section  of  the  plate,  and  the  result  is  in- 
creased tenacity  ;  but  in  wide  pitched  holes  there  is  a  disadvantage  in 
having  hard  metal  at  the  holes  by  increasing  the  tendency  to  fracture  in 
detail.  Notwithstanding  the  greater  strength  in  certain  plates  with 
punched  holes  over  drilled  ones,  the  drilled  holes  are  generally  to  be  pre- 
ferred on  account  of  leaving  the  ductility  of  the  metal  unimpaired. 

Some  locomotive  parallel  and  main  driving  rods  have  been  examined 
after  37  years'  service,  and  having  run  900,000  miles,  and  the  metal  found 
tough  and  fibrous,  comparing  favorably  in  tensile  strength  with  good 
iron  of  to-day. 

A  series  of  tests  with  trader  axles  are  in  progress.  Tests  of  the 
metal  after  95,000  miles  run  show  no  change  in  its  tensile  properties. 
Observations  made  on  the  axles  in  place  with  the  trader  fully  loaded, 
gave  deflections  which  corresponded  to  a  maximum  fibre  strain  of  about 
14,500  pounds  per  square  inch,  which  is  alternately  one  of  tension  and 
compression,  making  the  total  range  of  stress  29,000  pounds  per  square 
inch. 

A  number  of  bars  of  extra  and  double  refined  iron,  which  were  fibrous 
in  their  fractures  when  first  tested,  have  shown,  when  re-tested  after 
different  periods  of  rest,  a  gradual  development  of  brittleness,  until  now, 
after  a  i:)erioi1  of  about  four  years,  the  fractures  are  almost  wholly  granu- 
lar, with  very  little  coutrnction  in  area.  The  tensile  strength,  in  the 
mean  time,  has  increased  from  50,000  to  upward  of  60,000  pounds  per 
square  inch.  Annealing  restores  the  metal  to  its  original  fibrous  structure 
as  shown  in  the  fracture,  also  to  its  original  tensile  strength.  This  illus- 
trates the  wisdom  of  annealing  chains  after  long  use.  On  the  other  hand, 
some  wrought-iron  boiler  plate,  re-tested  after  three  years'  rest,  was 
found  to  retain  its  primitive  fibrous,  lamellar  structure. 

Brick  piers  have  been  tested  in  sizes  ranging  from  8  inches  to  16  inches 
square,  and  up  to  10  feet  in  height,  and  laid  in  different  kinds  of   mortar. 

The  moduli  of  elasticity  of  individual  bricks,  of  the  various  kinds  of 
mortar,  and  of  the  piers  themselves,  were  determined.  The  difference 
in  behavior  of  the  mortar  and  bricks  under  compressive  stress  is  sufficient 
to  account  for  cracks  in  brick-work  under  certain  pressures  without  attrib- 
uting them  to  defective  foundations.  Common  brick  piers  laid  in  lime 
mortar  were  found  to  have  about  14  per  cent,  additional  strength  when. 
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joint.s  wfiL-  l)iukt'n  ouce  in  six  courses  over  the  ordinary  method  of 
breaking  joints  with  each  course.  Laying  the  bricks  on  edge  was  found 
to  increase  tlie  strength  of  the  piers  about  the  same  amount. 

Some  observations  on  steel  and  wrought-iron  bars  show  a  reduction  in 
the  modulus  of  elasticity,  resulting  from  straining  the  metal  beyond  its 
primative  elastic  limit.  In  tliis  way  the  modulus  of  elasticity  of  a  steel 
bar  was  reduced  from  L'9,000.0()0  lbs.  to  17,000,000  lbs.  Rest  restores  the 
modulus  to  its  original  value,  tlie  wrought-iron  b.irs displaying  an  ability 
to  thus  recuperate  earlier  than  the  steel.  The  full  significance  of  this 
remarkable  change  is  yet  a  matter  of  conjecture,  but  suggests  the  proba- 
bility of  its  being  the  result  of  a  molecular  disturbance  affecting  the 
durability  of  the  metal. 

Preliminar3'  tests  have  shown  that  bars  of  wrought  iron  at  the  so-called 
'*  critical  "  temperature  or  blue  heat  possess  a  tensile  strength  greatly  in 
excess  over  the  cold  bar,  the  s'resses  being  gradually  applied  and  in  direct 
line  with  the  axis  of  the  test  piece. 

Samples  of  different  metals  have  been  subjected  to  an  hydrostatic  pres- 
sure of  90,000  pounds  per  square  inch,  and  afterward  tested  by  tension, 
without  showing  anj-  change  in  their  strength  or  ductility.  In  cold- 
rolled  metal  we  have  illustrated  the  effect  of  pressure  accompanied  by 
flow,  which  elevates  botli  the  elastic  limit  and  the  tensile  strength.  In 
these  cubic  compressed  specimens  pressure  without  flow  is  shown  to  pro- 
duce no  effect  on  the  tensile  properties. 

While  making  these  tests,  the  compressibility  of  water,  carefully  boiled 
to  expel  the  air,  under  high  pressure  was  found  to  be  considerable.  The 
leather  packings  employed  to  seal  the  water  in  the  hydrostatic  cylinder 
during  these  tests  worked  well  under  a  pressure  of  117,000  pounds  per 
square  iuch. 

The  testing  machine  is  now  worked  to  its  full  capacity,  and  there  is  an 
accumulation  of  work  ahead.  The  Ordnance  Department,  U.  S.  A.,  has 
taken  active  steps  toward  procuring  additional  testing  machinery  to 
meet  the  increased  demands  of  this  work,  and  which  will  enable  the 
large  machine  to  be  employed  wholly  on  the  tests  of  full- sized  members, 
the  smaller  machines  testing  the  smaller  samples,  thereby  materially  in- 
creasing the  efficiency  of  the  testing  laboratory. 


NOTE. 
In  the  paper  on  the  Worcester  Sewerage  Tunnel,  printed  in  the 
Journal,  Vol.  V.,  No.  5,  page  147,  the  author  omitted  to  state  that  the 
entire  work  was  in  charge  of  Charles  A.  Allen,  City  Engineer  of 
Worcester,  and  was  done  by  the  Sewer  Department,  under  the  immediate 
direction  of  General  Robert  H.  Chamberlain,  Superintendent  of  Sewers, 
assisted  by  Mr.  Richard  Forbes,  C.  E.,  Assistant  Engineer  in  charge  of 
sewer  construction. 
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iPROOEEIDIITG-S. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


REPORT   OF  THE   COMMITTEE   ON   WEIGHTS  AND   MEASURES. 
[Read  Marcli  3,  1886.] 
To  the  Boston  Society  of  Civil   Engineet^s  : 

Your  Committee  on  Weights  and  Measures  respectfully  presents  the  following 
report ; 

This  Society  has  had,  for  quite  a  number  of  years,  a  committee  designated  as  the 
"  Committee  on  the  Metric  System  of  Weights  and  Measures."  Originally 
appointed  to  consider  and  report  upon  the  introduction  and  use  of  the  metric 
system,  it  was  required,  several  years  ago,  to  report  also  upon  other  systems  of 
weights  and  measures.  When  the  question  as  to  the  continuance  of  this  committee 
came  up  last  year,  it  was  decided  not  to  have  a  committee  upon  any  specific 
system,  but  rather  to  have  a  committee  upon  the  general  subject  of  weights  and 
measures.  Notwithstanding  this  apparent  enlargement  of  the  scope  of  the  sub- 
ject, your  committee  finds  that  the  metric  system  occupies  an  exceedingly  promi- 
nent position  among  weights  and  measures,  and  that  a  very  large  portion  of  this 
report  must  be  devoted  to  its  consideration. 

A  Prime  Meridian  and  a  Universal  Day. 

In  pursuance  of  an  Act  of  Congress,  approved  August  3,  1882,  and  entitled 
«'  An  Act  to  authorize  the  President  of  the  United  States  to  call  an  International 
Conference  to  fix  on  and  recommend  for  universal  adoption  a  common  pi-ime 
meridian,  to  be  used  in  the  reckoning  of  longitude  and  in  the  regiilation  of  time 
throughout  the  world,"  the  President  caused  invitations  to  be  sent  to  the  Govern- 
ments of  nations  in  diplomatic  relations  with  our  owti,  to  appoint  delegates  (not 
exceeding  three  from  any  nation)  to  meet  delegates  from  the  United  States  and  other 
nations  in  an  international  conference,  to  be  held  in  the  city  of  Washington  on  the 
first  day  of  October,  1884. 

The  following  Governments  were  represented  at  this  conference  :  Austro-Hun- 
gary,  Brazil,  Chili,  Colombia,  Costa  Rica,  France,  Germany,  Great  Britain,  Gua- 
temala, Hawaii,  Italy,  Japan,  Liberia,  Mexico,  Nethei'lauds,  Paraguay,  Russia, 
San  Domingo,  Salvador,  Spain,  Sweden,  Switzerland,  Turkey,  the  United  States, 
Venezuela. 

The  Conference  held  eight  sessions,  during  which  the  subjects  submitted  to  it 
■were  thoroughly  discussed,  andadjourned  sine  die,  Nov.  1,  1884.  The  resolutions 
adopted  by  the  Conference,  "after  careful  and  patient  discussion,"  are  as  follows  : 

1.  "  That  it  is  the  opinion  of  this  Congress  that  it  is  desirable  to  adopt  a  single 
prime  meridian  for  all  nations,  in  place  of  the  multiplicity  of  initial  meridians 
which  now  exist."    Adopted  unanimously. 

3.  "  That  the  Conference  proposes  to  the  Governments  here  represented  the  adop- 
tion of  the  meridian  passing  through  the  centre  of  the  transit  instmment  at  the  Ob- 
servatory of  Greenwich,  as  the  initial  meridian  for  longitude."  Adopted  by  the 
following  vote:    Ayes,  Sanations;   noes,  1;  abstaining,  2. 

3.  "  That  from  this  meridian  longitude  shall  be  counted  in  two  directions  up  to 
180  degrees,  east  longitude  being  plus  and  west  longitude  minus."  Adopted  by 
the  following  vote:     Ayes,  14  nations;  noes,  5;  abstaining,  6. 

4.  "  That  the  Conference  proposes  the  adoption  of  a  universal  day  for  all  pur- 
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poses  for  which  it  may  1)0  found  convenient,  and  which  shall  not  interfere  with 
the  use  of  local  or  other  standard  tinie  where  desirable."  Adopted  by  the  foUow- 
int;  vote  :  Ayes,  23  nations;  abstaiuiuj;,  2. 

5.  "That  this  universal  day  is  to  be  a  mean  solar  day;  is  to  begin  for  all  the 
world  at  the  moment  of  mean  midnight  of  the  initial  meridian,  coinciding  with 
the  beginning  of  the  civil  day  and  date  of  that  meridian,  and  is  to  be  counted 
from  zero  up  to  twenty-four  hours."'  Adopted  by  the  following  vote:  Ayes,  15 
nations;  noes,  2:  abstaining,  7. 

6.  '•  That  the  Conference  expresses  the  ho])e  that  as  soon  as  may  be  practicable, 
the  astronomical  and  nautical  days  will  be  arranged  everywhere  to  begin  at  mean 
midnight."    Carried  without  division. 

7.  "  That  the  Conference  expresses  the  hope  that  the  technical  studies  designed 
to  regulate  and  extend  the  aj)plication  of  the  decimal  system  to  the  division  of 
angular  space  and  of  time  shall  be  resumed,  so  as  to  permit  the  extension  of  this 
ai)plicatiou  to  all  cases  in  which  it  presents  real  advantages."  Adopted  by  the  fol- 
lowing vote:  Ayes,  21;  abstaining,  3. 

It  was  also  resolved  unanimously :  "That  a  copy  of  the  resolutions  passed  by 
•this  Conference  shall  be  communicated  to  the  Government  of  the  United  States  of 
America,  at  whose  instance  and  within  whose  territory  the  Conference  has  been 
convened." 

The  seventh  resolution  was  introduced  by  the  Delegate  of  France,  M.  Jaussen, 
with  some  interesting  statements  from  which  the  following  is  quoted: 

"  You  are  aware,  gentlemen,  that  at  the  time  of  the  establishment  of  the  metrical 
system  the  decimal  division  had  been  extended  to  the  measurement  of  angular 
space  and  to  time.  Numerous  instruments  were  even  made  according  to  the  new 
system.  As  to  time,  the  reform  was  introduced  too  abruptly,  and,  we  might  say, 
without  enough  discretion,  and  it  came  into  conflict  with  old  habits  and  was 
quickly  abandoned  ;  but  as  to  the  division  of  angular  space,  in  which  the  decimal 
division  presented  many  advantages,  the  reform  sustained  itself  much  better,  and 
is  still  used  for  certain  purposes.  So,  the  division  of  the  circumference  into  400 
parts  was  adopted  by  Laplace,  and  we  find  it  constantlj'  employed  in  the 
Mecanique  Celeste.  Delambre  and  Mechain  used,  for  the  measurement  of  the  arc 
of  the  meridian  from  which  the  meter  was  derived,  repeating  circles  divided  into 
*  grades.'  Finally,  in  our  own  time.  Colonel  Perrier,  Chief  of  the  Geographical 
Division  pf  our  Department  of  War,  has  used  instruments  decimally  divided,  and 
at  the  present  time  logarithmic  tables  appropriate  to  that  method  of  division  are  in 
course  of  calculation." 

"  But  it  is  especially  when  it  is  a  question  of  making  long  calculations  of  angular 
space  that  the  decimal  system  presents  great  advantages.  In  this  respect  we  find, 
so  to  speak,  only  one  opinion  expressed  by  scientists." 

"The  Conference  at  Rome,  which  brought  together  so  many  astronomers, 
geodetists,  eminent  topographers — that  is  to  say,  the  men  most  competent  and 
most  interested  in  the  question— expressed  in  respect  to  it  a  desire,  the  high  author- 
ity of  which  it  is  impossible  to  mistake." 

"  It  is,  therefore,  now  evident  that  the  decimal  system,  which  has  already  done 
such  good  service  in  the  measurement  of  length,  volume  and  weight,  is  called  upon 
to  render  analogous  services  in  the  domain  of  angular  dimensions  and  of 
time."    *    *    * 

"  I  think  that  the  character  of  the  reform  would  be  well  defined  by  saying  that 
it  is  intended  especially  to  make  a  new  effort  toward  the  application  of  the  decimal 
system  in  scientific  matters." 

The  Metric  System  of  Weights  and  Measures. 

The  most  important  fact  to  be  noticed  in  connection  with  the  metric  system  is 
the  adhesion  of  Great  Britain  to  the  Metric  Convention  of  May  20,  1875.  This 
Convention  was  a  treaty  sfgned  by  sixteen  States  of  the  Old  and  New  Worlds,  by 
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which  it  was  stipulated  that  provision  for  the  institution  and  maintenance  of  an 
International  Bureau  of  Weights  and  Measures  should  be  made  by  appropriations 
pro  rata  from  the  different  assenting  nations. 

"  The  principal  aim  of  this  institution  has  been  to  create  and  to  perpetuate  for 
all  these  States  a  true  unit  of  metric  weight  and  measure  by  furnishing  to  them 
prototypes,  as  nearly  as  possible  unalterable,  identical  in  material  and  in  construc- 
tion, and  whose  equations  should  be  rigorously  established  with  reference  to  inter- 
national prototypes  of  the  meter  and  of  the  kilogram  previously  to  be  intrusted  to 
the  International  Bureau,  and  differing  as  to  length  and  to  weight  as  little  as  pos- 
sible from  the  old  prototypes  of  the  archives  of  France." 

"  Consequently,  the  Bureau  was  charged  by  the  Convention  : 

"  To  execute  all  comparisons  and  verifications  of  the  new  prototypes  of  the  meter 
and  kilogram. 

"To  com  pars  p?rio:ii?ally  the  national  standards  with  the  international  proto- 
types. 

"  To  establish  the  equations  of  the  ancient  normal  standards  employed  in  differ- 
ent coimtries,  with  reference  to  the  new  metric  prototypes. 

"  To  seal  and  to  compare  geodetic  rides  which  have  been  used,  or  shall  be  used» 
In  measuring  the  bases  for  the  tnangulations  of  different  countries  ;    and,  finally, 

"  To  compare  standards  and  scales  of  precision,  the  verification  of  which 
should  be  requested  either  by  Governments,  by  scientific  societies,  or  by  scientists 
and  artisans." 

Of  thf' sixteen  States  that  originally  signed  this  Convention,  nine  had  already 
made  the  use  of  the  metric  system  obligatory  ;  five,  among  whom  was  the  United 
States,  had  legally  rendered  its  use  optional,  and  the  remainder  had  taken  no  steps 
toward  its  introduction. 

Great  Britain  had  at  this  period  already  rendered  the  use  of  the  metric  system 
permissive,  and  was  in  this  respect  in  precisely  the  same  condition  as  was  this 
country.  The  British  Government,  however,  with  characteristic  conservatism^ 
declined  to  take  part  in  the  Convention  and  contiibute  toward  the  support  of  an 
institution  established  to  promote  the  ultimate  imification  of  the  weights  and 
measures  of  the  world. 

Before  many  years  had  elapsed,  the  British  Standards  Department  twice  found 
it  necessary  to  request  permission  to  avail  themselves  of  the  refined  instru- 
ments and  processes  of  the  International  Bureau.  This  was  permitted  as  a  matter 
of  courtesy. 

In  April,  1884,  the  British  Standards  Department  having  asked  the  favor  for 
the  third  time,  and  having  ex]3ressed  itself  ready  to  pay  the  cost  of  the  comparisons 
to  the  amount  of  2,000  francs,  the  International  Bureau  politely  declined,  for  the 
following  reasons  : 

*  *  *  "Although,  on  two  occasions,  the  committee  has  thought  it  ought  to 
yield  to  the  request  of  the  British  Government  for  permission  to  compare  stand- 
ards at  the  International  Bureau^  it  was  merely  as  a  matter  of  courtesy,  with  the 
hope  of  thus  convincing  the  British  Government  of  the  value  of  the  services  which 
the  International  Bureau  could  render  it,  and  thus  cause  it  to  decide  to  join  the 
Convention,  on  equal  terras  with  many  other  civilized  counti-ies,  among  whom  are 
not  only  several  States  where,  as  in  England,  the  metric  system  is  permissive,  but 
also  several,  as  Russia  and  Denmark,  which  have  not  as  j^et  introduced  it." 

"  The  committee  has  not  thought  that  Great  Britain  would  wish  to  p  ofit  indefi- 
nitely from  the  services  of  an  international  establishment,  without  contributing 
toward  its  support  in  the  .same  manner  and,  proportionately,  by  the  same  sacri- 
fices as  the  States  which  founded  it." 

"  On  the  other  hand,  although  the  Committee,  in  pursuance  of  article  6  of  the 
Metric  Convention,  has  just  opened  the  International  Bureau  for  the  verification 
of  standards  and  scales  of  precision,  asked  by  Governments,  by  learned  societies,  or 
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even  by  artisans  autl  scientists,  this  measure,  taken  in  the  interests  of  tlic  develop- 
ment of  the  sciences  and  of  the  precise  arts,  only  apj)Iies  to  private  standards,  and 
ni)t  at  all  to  the  oftit'ial  weijihts  and  measures  helongiug  to  the  (Tovernment  of  a 
StaU>  that  has  not  as  yet  joined  the  Convention."    *    *    * 

This  correspondence,  together  with  certain  unofficial  advances  made  liv  mem- 
bers of  the  Informational  Committee  toward  the  Astronomer  Royal  and  toward 
Mr.  (Jill,  the  director  of  the  observatory  of  the  Cape  of  Good  Hope,  w)io  was  then 
in  Euro[>e,  led  to  the  active  intervention  of  the  Royal  Society  in  favor  of  the  ad- 
hesion of  England. 

This  patronage  of  the  highest  scientific  authority  of  England  has  succeeded  in 
convincing  Her  Majesty's  Government  of  the  utility  of  the  participation  of  Eng- 
land in  the  work  of  the  Into^rnational  Bureau,  and  the  BintishOovermnent  author- 
ized the  Pi-osident  and  Council  of  the  Roj'al  Society  to  officially  notify  the  Inter- 
national Committee  that  the  Government  would  be  nady  to  adhere  to  the  Conven- 
tion under  certain  specified  conditions.  These  conditions,  as  expressed  in  the  let- 
ter of  the  Secretary  of  the  Royal  Society,  were  "  that  Her  Majesty's  Government 
desire  to  guard  themselves  in  the  most  explicit  and  formal  manner  from  the  admis- 
sion, by  their  proposal  to  join  the  Bureau,  of  any  intention  of  adopting  or  propos- 
ing the  adoption  of  the  metric  system  in  this  country." 

In  the  reply  of  the  President  of  the  International  Committee,  these  conditions 
were  accepted  in  the  following  language  : 

"  *  «  *  As  to  the  conditions  specified  by  Her  Majesty's  Government,  concern- 
ing which  it  does  not  become  us  to  consider  in  this  connection  either  the  motive  or 
the  consequences  (or  the  progress  of  science,  manufactures  and  commerce,  we  can 
but  affirm  that  there  is  no  article  of  the  Metric  Convention  or  of  the  appended  reg- 
ulations, implying  any  obligation  to  modify  the  legal  condition  of  weights  and 
measures  in  the  contracting  States.  Adhesion  to  the  Convention  leaves  absolutely 
iiitai  t  the  liberty  of  the  States  as  to  internal  legislation  on  weights  and  measures, 
and  imi)liesin  no  way  for  Great  Britain  the  necessity  of  introducing  the  obligatory 
use  of  the  metric  system  in  that  country.  In  this  connection,  we  wish  to  remark 
that  there  are  alreadj-  among  the  contracting  States  not  only  several  in  which  the 
metric  system  is  permissive,  but  also  some  in  which  the  metric  weights  and  meas- 
ures are  not  yet  legally  intrcxluced." 

The  official  notice  of  the  adhesion  of  Great  Britain  to  the  Metric  Convention  was 
received  by  the  International  Committee  in  September,  1884. 

This  action  of  the  British  Government  indicates  the  spread  of  liberal  ideas  and 
the  increasing  influence  of  scientific  men.  No  change  whatever  has  been  made  in 
the  terms  of  the  Metric  Convention  nor  in  the  object  of  the  International  Bureau, 
whose  principal  aim  is  "to  create  and  to  perpetuate  for  all  these  States  a  true  unit 
of  metric  weight  and  measure."  These  remain  to-day  the  same  as  they  were  in 
1875.  when  Great  Britain  refused  to  recommend  to  Parliament  "  any  exi>enditure 
connected  with  the  metric  system,  which  is  not  legalized  in  this  country,  nor  in 
supfKjrt  of  a  permanent  institution  established  in  a  foreign  country  for  its 
encouragement  ;"  yet  to-day  we  find  Great  Britain  in  the  list  of  the  contracting 
States. 

"We  have  here  the  record  of  another  step  toward  the  unification  of  diverse 
standards,  and  the  adoption  of  an  international  system  of  weights  and  measures. 
Pulilic  opinion  in  England  favoring  the  metric  sj-stem  will  gradually  become 
stronger  than  Government  inertia.  That  the  opinion  of  scientific  men  is  already 
strongly  in  favor  of  that  system,  is  shown  by  the  brief  remarks  of  Sir  William 
Thompson  before  the  International  Meridian  Conference  at  Washington  in  October, 
1884. 

He  said  :  "  I  sympathize  deeply  with  what  has  been  said  in  regard  to  a  common 
metrical  s3'stem.  I  have  a  very  strong  opinion  upon  this  subject,  which  I  will  v.<  '- 
express,  however,  if  it  meets  any  objection  from  the  Chair  ;  but  it  seems  to  v^■i 
that  England  is  making  a  sacrifice  in  not  adopting  the  metrical  sj-stem." 
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The  nature  of  this  sacrifice  ma.\  be  gathered  from  the  following  quotati(jn  from 
a  letter  of  Mr.  C.  L.  Hett,  in  the  discussion  of  a  paper  on  British  and  metric  meas- 
ures before  the  Institution  of  Civil  Engineers  in  London  in  January,  1885. 
"Although  this  subject  had  been  th  ^roughly  discusifed  years  ago,  it  was  under  very 
different  conditions  to  those  which  now  prevailed.  At  that  tune  there  was  hardly 
a  competitor  with  England  in  the  foreign  trade.  The  British  were  virtually  in  a 
position  to  dictate  to  countries  employing  the  metric  system,  and  to  say,  '  There 
is  our  machinery,  made  to  our  measui'ements,  and  without  the  slightest  considera- 
tion of  your  convenience.'  But  now  it  was  different  ;  there  were  makers  from 
countries  employing  the  metric  system  ready  to  supply  any  order  for  machinery, 
and  year  by  year  the  excellence  of  their  goods  would  be  improved  until  their  work- 
manship was  equal  to  our  own,  and  our  last  advantage  over  them  would  be  gone. 
It  was  sometimes  urged  that  if  the  United  States  did  not  adopt  the  metric  system, 
why  should  England  i  The  Americans  were  agitating  for  its  adoption  ;  and  the 
first  country  to  change  would  have  a  great  advantage  in  trading  with  those  other 
nations  who  had  already  adopted  it."  *  *  *  "  The  feeling  that  the  metric  system 
musi  sooner  or  later  be  adopted  was  not  confined  to  engineers  and  scientific  men ;  it 
was  shown  by  the  action  of  the  Leicestershii-e  Chamber  of  Agriculture  in  1878, 
which  opposed  the  legalization  of  the  cental  on  the  ground  that  it  might  iQipede  the 
adoption  of  metric  rights  and  measures."' 

This  paper  and  discussion  have  been  reprinted  in  some  recent  numbers  of  ]'an 
Nostrand^s  Magazine. 

The  following  table  gives  a  list  of  the  nations  contributing  to  the  support  of  the 
International  Bureau  of  Weights  and  Measures,  their  population,  and  the  amount 
due  from  each  for  the  year  1885  : 


Contracting  States. 


1. 

2a. 

Sb. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
1-2. 
13. 
14. 
15. 
16a. 
16b 
17. 
18. 
19. 


Germany 

Austria 

Hungary 

Belgium 

Argentine  Confederation . . . 

Denmark 

Spain 

United  States  of  America . . . 

France 

Great  Britain  and  Ireland . . 

Italy 

Peru 

Portugal 

Roumania 

Russia 

Servia 

.  Sweden 

.  Norway 

Switzerland 

Turkey 

Venezuela 


Population. 


Total. 


45, 
20, 
15. 

^, 
2 

I 

34 

50 

42 

35 

28 


194, 
136, 
508, 
635, 
,000. 
,980: 
,456. 

,ooo: 

,403. 

,172 
,209 
,699 
,400 
,000 
,144 
,600 
,577 
,900 
.8.-11 
,024 
,784 


172 
283 
573 
452 
000 
675 
468 
000 
892 
976 
620 
945 
,000 
,000 
,454 
.000 
,783 
,000 
,787 
000 
,194 


421,660,274 


136 

60 

47 

17 

6 

2 

73 

100 

127 

70 


16 
15 
93 


64 


Assess- 
ment   for 
1885. 


952 


Francs. 

14,286 

6,303  I 

4,937  i 

1,786 

630 

210 

7,668 

10,504 

13,340 

7,353 

8,929 

840 

1,681 

1,576 

9,769 

525 

945 

630 

840 

6,723 

525 


100,000 
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The  proportioiiiil  part  of  the  U»tal,  100,000  francs,  which  is  assessed  each 
nation,  is  (let->riniiieil  by  multipljing  the  number  of  population,  in  millions,  liy 
the  (•(>-effl(.Ment  3,  for  nations  in  which  the  metric  system  is  obligatory  ;  by  2,  for 
nations  in  which  the  metric  system  is  i)ernussive  ;  and  by  1,  for  nations  in  which 
the  metric  system  is  not  yet  legally  introduced. 

The  adoption  of  the  metric  units  as  the  basis  of  electrical  measurements  was 
mentioned  in  the  last  report  of  your  Committee  on  the  Metric  System.  This 
method  t)f  measuring  is  becoming  the  standard  wherever  electrical  science  prevails. 

The  introduction  of  the  metric  sj'stem  into  Germany  was  begun  many  years 
ago.  The  decree  of  August  17,  18tt8,  by  which  the  metric  system  was  adopted  in 
(ierman}',  permitted  the  use  of  a  number  of  old  (ierman  names  in  connection  with 
metric  weights  and  measures,  and  allowed  the  use  of  the  schoppen  {}.^  liter),  the 
scheffel  ("lO  liters)  as  units  of  capacity,  and  the  half-kilogram  and  fifty- kilogram 
weights  as  units,  under  the  names  pfund  and  centner.  This  ntention  of  old 
names  and  irregular  units  approximately  representing  the  old  weights  and  meas- 
ures, was  expected  to  dini-nish  the  cost  and  diflBculty  of  the  transition  to  the  metric 
system. 

During  the  twelve  or  fourteen  years  of  active  use  of  the  metric  system  in  Ger- 
many, the  concurrent  use  of  the  pfund  series  of  weights  based  on  the  half-Idlo- 
gram,  and  the  metric  series  of  weights  based  on  the  kilogram,  was  found  to  be  the 
source  of  endless  confusion  and  error.  After  the  adoption  of  the  metric  system, 
the  customs  of  trade  gradually  changed  to  conform  to  the  new  units.  Wholesale 
trade  adapted  itself  completely  to  the  kilogra  m.  system.  In  the  governmental 
services  of  the  customs,  assessors'  department,  post-oflBce,  railways  and  statistics, 
the  pfund  unit  has  been  out  of  use  for  a  long  time.  It  is  also  disappearing  from 
the  arithmetics  j)rescribed  for  school  use. 

In  retail  trade  only  has  the  pfund  series  been  retained,  as  a  convenience  to 
those  who  had  grown  up  with  the  old  system  of  weights.  The  rapid  and  uninter- 
rupted introduction  of  the  imiJerial  monetary  system  without  any  preparatory 
stages,  and  the  favorable  experience  in  Austro-Hungary,  where  the  kilogram  unit 
was  introduced  without  any  preparatory  use  of  a  half-unit,  led  to  the  expectation 
that  retail  trade  would  readilj- adapt  itself  to  the  A: i7o{/rnm  whenever  the  pfund 
unit  should  be  legally  set  aside. 

This  has  been  accomplished  by  the  law  passed  by  the  German  Reichstag  in  May, 
18S4,  which  amends  the  decree  of  August  17,  1868,  abolishing  the  use  of  the 
pfund,  \t&  subdivisions  and  multiples,  including  the  centner,  and  the  use  of  the 
schoppen  ('^  liter)  and  the  scheffel  (50  liters)  as  units  of  capacity.  It  also  discon- 
tinues the  use  of  the  dekameter,  or  chain,  the  dekagram,  or  nexdoth,  the  decigram 
and  the  centigram  as  units.  These,  although  belonging  to  the  metric  series,  are 
seldom  used  as  units.  They  occupy  positions  analogous  to  those  of  the  eagle  and 
dime  in  our  monetary  sy-^teni.  When  used  as  units,  they  may  cause  confusion 
of  the  same  nature  as  that  caused  by  stating  a  value  in  eagles  or  dimes,  instead  of 
in  dollars  or  cents. 

In  the  bill,  the  German  names  of  the  weights  and  measures  have  been  discarded  ; 
it  being  well  known  that  trade  has  never  availed  itself  of  the  terms  "  s<a&," 
''neuzoll,''  '■'strich,'"  "■  ketfe,'''  '' kanne,''  "schoppen,'''  ''  fass,''''  "■  netdoth,'''  as  in- 
dicating metric  units  of  measure  or  weight. 

The  lesson  taught  by  this  experience  in  Germany  is  that  the  change  from  one 
system  of  weights  and  measures  to  another  should  be  complete  and  thorough  ;  that 
it  should  be  done  by  one  step  and  not  by  means  of  preparatory  stages  :  that  the 
retention  of  old  names  and  irregular  units  approximately  representing  old  weights 
and  measures  leatls  to  confusion  and  error,  and  prolongs  the  trouble,  cost  anil 
duration  of  the  transition  to  the  new  system . 

In  the  British  mint  the  decimal  method  of  expressing  the  composition  of  ingots 
has  been  recently  introduced,   and  metric  expressions  have   been  used.     By  the 
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ancient  practice  the  results  of  assays  were  expressed  in  terms  of  "  betterness^'  or 
"  worseaess^'  as  compared  witli  the  standard,  which  was  22  carats  of  pure  gold 
with  2  carats  of  alloy.  Carats  wei'e  divided  into  quarters  (carat  grains),  eighths 
of  carat  grains,  and  "  excess  grains,"  of  which  it  took  7}4  to  make  an  eighth  of  a 
carat  grain.     An  assay  may  give  a  result,  for  example,  like  this  : 

"  Worse,  0  carats,  1%  carat  grains  and  1  excess  grain."  Mr.  Roberts,  the 
chemist  of  the  mint,  in  explaining  the  change  of  practice,  remarked  : 

"Worse,  0,  1%  +  1,  as  the  assay  report  of  an  ingot,  is  at  least  obscure,  while 
the  equivalent  statement  that  the  standard  of  fineness  of  the  ingot  is  900  at  once 
suggests  that  1,000  parts  of  the  metal  contain  900  parts  of  pure  gold." 

The  metric  system  continues  to  be  increasingly  used  for  scientific  and  technical 
purposes  in  the  nations  which  have  made  its  use  permissive.  In  the  nations  which 
have  legally  adopted  it,  its  use  is  becoming  more  and  more  general  for  purposes 
of  commerce  and  manufacture.  No  abandonment  or  diminution  of  its  use  is 
known  to  your  committee. 

A  bill  has  been  introduced  in  the  House  of  Representatives  at  Washington,  pro- 
viding that  from  and  after  March  4,  1892,  the  metric  sj^stem  of  weights  and 
measures  shall  be  exclusively  employed  by  the  sevei'al  departments  and  branches 
of  the  Federal  Government  in  the  aflfairs  of  the  United  States.  This  bill  has  been 
read  twice  and  referred  to  the  Committee  on  Coinage,  Weights  and  Measures.  A 
copy  of  the  bill  is  hereto  appended. 

In  the  Ionian  Islands  the  metric  system,  as  used  in  Greece,  has  been  introduced 
since  their  annexation  to  the  kingdom  of  Greece. 

In  Hayti,  which  in  1S7S  was  classed  among  the  countries  in  which  the  metric 
system  was  neither  legalized  nor  in  use,  the  coinage  law  passed  Sept.  24,  1880,  by 
the  Haytian  legislative  body,  was  in  terms  of  metric  weight  and  measure 
exclusively. 

In  the  Dutch  East  Indies,  Dutch  West  Indies  and  Dutch  Guiana,  your  committee 
is  informed  that  the  metric  system  is  in  use  to  a  limited  extent. 

In  Japan,  the  linear  measures,  already  mostly  decimal,  have  been  modified  and 
made  commensurable  with  the  metei'. 

In  Costa  Rica,  by  Congressional  decree,  the  metric  system  was  to  come  into 
operation  on  i^ugust  10,  1885. 

Scales  of  Plans  and  Majis. 

One  of  the  earliest  applications  of  the  decimal  system  in  this  country,  was  the 
adoption  of  the  decimal  division  of  the  foot  by  civil  engineers.  It  is  iised  by  them 
in  the  measurements  of  distances  and  heights,  and  in  various  computations.  It 
has  always  been  recognized  by  them  as  a  great  labor-saving  instrumentality. 

The  rarity  of  the  use  of  the  decimal  system  in  our  old  weights  and  measures, 
however,  occasioned  the  anomaly  that  measurements  and  computations  which 
had  been  sedulously  made  in  feet  and  decimals,  were  almost  without  exception 
plotted  in  terms  of  inches. 

The  more  general  use  of  decimal  methods  has  rendered  the  use  of  scales  based  on 
the  inch,  an  impediment  to  the  ready  comparison  and  intelligent  examination  of 
plani  made  from  measurements  in  different  systems.  Thus,  a  plan  in  metric 
dimensions  and  drawn  to  a  decimal  scale,  as  is  usual,  cannot  be  measured  in  feet 
by  the  ordinary  scales  based  on  the  inch.  Conversely,  a  plan  in  British  units  and 
drawn  to  a  scale  relative  to  the  inch,  as  is  usual,  cannot  be  measured  in  meters  by 
the  decimal  scales  based  on  the  meter.  There  must  be  a  numerical  computation 
in  each  case,  or  a  temporary  scale  must  be  constructed  to  effect  the  conversion. 

This  impediment  can  be  avoided  by  the  use  of  a  standard  series  of  decimal  scales 
— that  is,  scales  based  upon  a  decimal  subdivision  of  the  unit  of  measurement — the 
same  series  of  ratios  being  used  for  each  different  system  of  measures.  For 
example  :  if,  to  a  plan  drawn  from  metric  measurements  at  a  scale  of  xjhr>  of 
nature,  we  apply  a  scale  of  equal  parts  marked  in  thousandths  of  a  foot,  each  divis- 
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ion  of  tlio  scale  vill  indicate,  ou  the  plan,  one  foot  of  actual  size.  Tlii.s  and  a 
scale  of  milliinoters  would  evidoutly  be  interchaugcable  ;  each  giving  scule 
meisurenieiits  of  the  plan  iu  terms  of  its  own  unit  of  measure.  A  i)iaii  to  be  drawn 
from  mixed  notes,  part  the  result  of  metric  data  and  part  deiived  from  mcasure- 
meuts  iu  feet,  would  require  no  numerical  conversion  of  dimensions  ;  those  in 
meters  would  be  plotted  by  the  scale  of  millimeters,  aud  those  iu  feet  by  the  scale 
of  thousandths  of  the  foot,  to  the  sa»/ie  scale  and  as  parts  of  the  same  drawing. 

One  of  the  tirst  difficulties  met  by  an  eugiueer  wishing  to  use  the  metric  system 
in  this  country  or  iu  Euglaud,  arises  from  this  incongruity  in  the  relatKJus  of 
plans  to  nature,  decimal  aud  duodecimal.  Old  measurements  and  data  cannot  be 
used  with  metric  without  troublesome  processes  of  conversion. 

The  adoption  and  use  of  a  series  of  scales  based  upon  decimal  divisions  of  the 
foot,  which  shall  be  the  counterpart  of  the  usual  scales  based  upon  the  decimal 
divisions  of  the  meter,  is  much  to  be  diisired.  Scales  based  upon  the  footinsteal  of 
the  iucli  are  already  iu  use  to  a  limited  extent  in  this  country,  but  they  differ  in 
some  respects  from  the  scales  usually  used  based  upon  the  meter. 

In  these  scales,  the  hundredth  of  the  foot,  like  the  hundredth  of  the  meter, 
should  be  the  primitive  unit.  This  unit  being  successively  multiplied  by  1.5,  2, 
2.5,  3,  4,  5,  (5  aud  8,  produces  the  units  of  the  various  scales,  viz.,  0.01  ft.  , 
0.015  ft.,  0.02  ft.,  0.025  ft.,  0.03  ft.,  0.04  ft.,  0.05  ft.,  0.06  ft.,  0.08  ft.*    Each 

DECIMAL  SCALES. 


Ratio 

in    Decimal  Meas- 

Rtitio       iu      Duodecimal 

Sc 

\LES. 

ures 

Measures. 

\      •• 

l.(>0 

1.00 

unit*  to 

1  unitl- 

Full  size. 

1 

0..50 

0.50 

"     " 

1     " 

6      inches  to  1  foot. 

J 

0.25 

0.25 

"     " 

1     " 

3          .'        ''  1     - 

k      •• 

0.20 

0.20 

"     •• 

1     " 

2.4      '•        "  1     " 

1 

0.15 

0.15 

.1         n 

1     " 

1.8       "        "  1     " 

'^     .. 

0.10 

0.10 

"     " 

1     " 

12      "        "  1     " 

Ti'5      •• 

0.08 

0.08 

"     " 

1     ■' 

1.04  feet  to  an  inch. 

to't     ■• 

0.06 

0.06 

•'     '• 

1     " 

1.39 

5'0        •• 

0.05 

0.05 

"     " 

1     " 

1.67 

A        •• 

0.04 

0.04 

il     ii 

1     " 

2.08 

0.03 

0.03 

'•     " 

1     " 

2.78 

0.025 

0.025 

I.     ii 

3.33 

^       •■■ 

0.02 

0.02 

'•     •' 

4.17 

0.015 

0.015 

"     •' 

5.  .56 

0.01 

0.01 

».     'I 

1     '• 

8.33 

rk    ••• 

0.008 

0.08 

"     " 

10  uuitf 

10.42 

....  0.006 

0.06 

•'     " 

10     '• 

1.3.89 

....0.005 

0.05 

"     " 

10    •• 

16.67 

....  0  004 

0.04 

"     " 

10     •' 

20.83 

0.003 

0.03 

"     " 

10    " 

27.78 

..    ..0.0025 

0.025 

"     " 

10    ■' 

33.  ,33 

0.002 

0.02 

'■     " 

10    '• 

41.67 

8Brt  "7      •  •  • 

0.0015 

0.015 

..       n 

10    •• 

55.56             " 

Woo    •  • 

0.001 

0.01 

"     " 

10     " 

83.33 

0.0008 

0.08 

.i     li 

100     " 

104.16 

Tjsaa  7  •  • 

0.0006 

0.06 

"     " 

100     '• 

138.89 

2(Mjn    • •  • 

0.0005 

0.05 

"     " 

100     '• 

166.67 

2.,V„-,      ... 

0.0004 

0  04 

"     " 

100     " 

208.33 

33^33".  •  • 

0.0003 

0.03 

"     " 

100     " 

277.78              " 

1 

0.00025 

0.025 

"     " 

100     " 

333.33 

sxU    ■■■ 

0.0002 

0.02 

"     " 

100     " 

416.67 

1 

0.00015 

0.015 

"     " 

100    *• 

555.56              '• 

0.0001 

0.01 

"     " 

100    •• 

833.33 

I-2*0O    ... 

0.00008 

0.08 

"    " 

1000     '• 

1041.67 

Etc. 

Etc. 

Etc. 

Etc. 

*  A  triaoi^ular  boxwood  scale  of  this  fl.jscri|>tioti,  designed  tiy  thf"  Chairman  of  the 
Comrailter-.  and  made  bv  D  irling ,  Browu  &  Sharpe,  of  Provldeuce.  R.  I ,  was  exhibited 
at  the  meeting  of  the  Society. 

tThe  unit  may  be  the  meter,  or  the  foot  divided  decimally. 
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of  these  units  may  be  used  to  represent  0.1  ft.,  1  ft.,  10  ft.,  100  ft.,  1,000  ft,  etc.^ 
of  nature,  gi vine  rise  to  the  ratios  shown  in  the  following  table.  The  ratios 
in  the  central  column  are  not  expressed  in  terms  of  the  units  of  any  system,  but 
abstractly,  as  these  ratios  will  apply  to  any  system  in  which  the  unit  of  linear 
measure  is  subdivided  decimally. 

This  series  of  scales  possesses  the  intrinsic  merit  of  being  more  uniformly  dis- 
tributed than  are  the  scales  usually  employed.  Thus  between  the  scales  0.008  and 
0.004,  corresponding  to  10.42  aud  30.83  feet  to  an  inch  respectively,  are  two 
scales,  0.00(5  and  0.005,  which  supply  a  long-felt  want.  The  old  scales  of  50  and 
60  feet  to  an  inch  are  replaced  by  the  decimal  scale  0.0015,  or  55. 50  feet  to  an 
inch.  The  useful  scales  10,  20,  40,  80  and  100  feet  to  an  inch,  are  almost  exactly 
represented  in  the  decuual  series.  The  scales  0.0001,  0.0002,  0.0003,  0.0^04,, 
O.OOOS  and  some  of  their  decimal  derivatives  are  now  in  use  in  the  U.  S.  Coast  and 
Geodetical  Survey. 

The  following  is  a  concise  method  of  expressing  one  of  these  scales  upon  a  plan  : 

Q     1     i  0.002  meter  to  a  meter,  I  , 

ftcaie,  -^  (j  QQ2  ^^^Q^  ^Q  ^  fQQ^^  ^-  or  50,,. 

It  will  be  noticed  that  a  peculiarity  of  these  scales  is  that  each  can  be  expressed 
exactly  as  a  decimal  fraction.  One  consequence  of  this  peculiarity  is  that  scale 
measurements  may  be  conveniently  made  upon  a  plan  drawn  to  one  of  these  scales, 
by  means  of  the  ordinary  pocket  rules  belonging  to  any  decimal  system,  as  a  meter 
rule,  or  a  foot  rule  divided  decimally. 

In  conclusion,  your  Committee  recommends  : 

1.  That  m  view  of  the  continued  use  and  spread  of  the  metric  system,  it  be 
adopted  for  all  purposes  where  its  use  presents  substantial  advantages. 

2.  That  upon  every  plan  that  has  its  scale  shown  by  a  graduated  line  indicating 
other  than  metric  measures,  a  second  line  be  graduated  indicating  metric  units. 

3.  That,  so  far  as  is  practicable,  every  plan  or  map,  whether  made  from  metric 
measurements  or  otherwise,  be  drawn  to  such  a  scale  that  its  linear  relation  to 
nature  can  be  expressed  exactly  by  a  decimal  fraction  ;  preference  being  given  to 
the  scales  0.01,  0.015,  0.03,  0.025,  0.03,  0.04,  0.05,  0.06,  0.08,  and  their  decimal 
derivatives.  Respectfully  submitted  for  the  Committee, 

Charles  H.  Swan,  Chairman. 
Boston,  March  2,  1886. 

49th  CONGRESS,  XT      jy       k>  |  -|  Q 

1st  Session.  -tl«    -■-*■•     w  A  A  tF 


IN  THE   HOUSE  OP   REPRESENTATIVES. 
January  6,   1886. 

Read  twice,  referred  to  the  Committee  on  Coinage,  Weights  and  Measures,  and", 
ordered  to  be  printed. 


Mr.  Everhart  introduced  the  following  bill  : 

A    BILL 

To  establish  the  metric  system  of  weights  and  measures  in  the  Departments  of  the 

Government . 

1  Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the   United 

2  States  of  America  in  Congress  assembled,  That  from  and  after  the  fourth  day 

3  of  March,  anno  Domini  eighteen  hundred  and  ninety-two,  the  metric  system: 

4  of  weights  and  measures,  as  recognized  and  expressed  in  section  thirty -five 

5  hundred  and  seventy  of  the  Revised  Statutes,  shall  be  exclusively  employed  by 

6  the  several  Departments  and  branches  of  the  Federal  Government  in  the 

7  affairs  of  the  United  States  :   Provided,  That  in  all  other  transactions  than 

8  those   in  which  the  United  States  is  a  party  it  shall  be  lawful  to  employ  the. 

9  weights  and  measures  now  in  use. 
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1  Sec.  2.   That  a  knowledge  of  the  said  metric  weights  and  measures  shall 

2  be  taught  in  all  tlie  scluwls  and  colleges  uow  under  the  control  of  the  Federal 

3  Government,  or  hereafter  aided  bj'  it,  or  such  knowledge  shall  be  retjuired  for 

4  admission  to  the  said  schools  and  colleges. 

1  Sec.  3.  That  all  laws  inconsistent  herewith  are  hereby  rei>ealed. 


AXMAL     KEI'OUT     OK     THE    GOVEKNME.XT    OF    THE     BOSTOX    SOCIETY     OF     CIVIL 

ENCUNEERS. 

To  (he  Hoston  Society  of  Civil  Engineers : 

Gentlemen:  The  Government  has  the  honor  to  submit  the  following  in  regard 
to  the  Boston  Societj'  of  Civil  Engineers,  for  the  year  ending  March  19,  1886  : 

One  of  our  most  valued  Members,  Mr.  Henry  M.  Wightman,  died  upon  the  8d  of 
April,  18S5.  An  appropriate  notice  of  the  life  and  work  of  this  engineer  has 
been  presented  to  the  Society  and  placed  on  record. 

The  Society  has  duriug  the  past  year  lost  by  resignation  Maj.  C.  W.  Raymond^ 
of  the  U.  S.  Corps  of  Engineers,  who  has  been  transferred  by  his  Department  to 
another  sphere  of  labor,  leaving  important  work  in  this  vicinity  to  be  completed 
by  others.  In  him  our  Society  has  lost  a  useful  Member  and  the  community  a 
most  eflBcieut  servant. 

Two  names  have  been  dropped  from  our  list  for  non-payment  of  dues,  and  thirty 
new  names  have  been  added,  making  the  total  number  of  Members  at  the  present 
time  one  himdred  and  fifty-two,  including  six  honorary  and  two  corresponding 
Members.  This  number  entitles  the  Society  to  another  representative  on  the  Board 
of  Managers  of  the  Association  of  Engineering  Societies. 

Regular  meetings  have  been  held  on  the  third  Wednesday  of  each  month, 
excepting  July  and  August,  and  in  addition  to  the  above  there  have  been  three 
special  meetings.  The  average  attendance  at  the  meetings  has  been  thirty-two. 
Three  addresses  have  been  delivered  and  fifteen  papers  have  been  presented  to  the 
Society,  the  latter  having  been  followed  by  a  great  deal  of  valuable  discussion. 

Excursions  have  been  made  during  the  year  to  the  Pacific  Mills  and  the  water- 
works at  Lawrence,  to  Boston  Harbor,  to  the  works  of  the  Boston  Gas  Light  Com- 
pany, to  the  Watertown  Arsenal,  and  to  the  Massachusetts  Institute  of 
Technology. 

The  Society  has  also  had  the  pleasure  and  the  profit  of  attending  the  meeting  of 
the  Society  of  Mechanical  Engineers  held  in  Boston  in  November  last. 

One  of  the  most  important  steps  taken  during  the  past  yeai"  has  been  the  re- 
moval of  the  Society's  headquarters  to  the  very  pleasant  and  convenient  room  in 
the  Boston  &  Albany  Railroad  station.  This  change  has  enabled  the  Society  to 
place  its  valuable  collection  of  books  and  periodicals  in  a  condition  to  be  used. 
The  Societj'  has  also  arranged  for  an  exchange  of  publications  with  the  Institution 
of  Civil  Engineers,  Great  Britain,  and  twenty-three  volumes  of  the  Minutes  of  the 
Proceedings  of  that  institution  have  been  received. 

During  the  year  the  By-Laws  have  been  amended  in  regard  to  the  order  of  busi- 
ness at  the  meetings,  by  which  it  is  believed  t  hat  a  more  satisfactory  disposition  of 
the  time  will  be  made. 

In  conclusion,  the  Government  has  a  great  deal  of  pleasure  in  congratulating  the 
Society  upon  the  present  very  satisfactory  condition  of  its  affairs.  The  Society  is 
growing  steadily,  both  in  numbers  and  in  usefulness.  Let  us  keep  it  in  such  a  state 
that  every  Member  shall  feel  that  it  is  good  for  him  to  belong  to  it. 

Respectfully  submitted, 

George  L.  Vose,  President. 
L.  Fred'k  Rice,  Vice-President. 
Horace  L.  Eaton,  Secretary. 
Henry  Manley,  Treasurer. 
Albert  F.  Notes,  Librarian. 
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ABSTRACT  OF  TREAM:RER'S   REPORT  FOR  THE   FINANCIAL   TEAR   1885-86. 

Balance  on  hand  March  14,  1885 $375.69 

Assessment  for  current  year,  95  member.s  at  $(5 $570.00 

Non-resident  dues  current  year,  5  members  at  $3 15 .00 

Non-resident  dues  coming  year,  15  members  at  $3 45 . 00 

Assessment  levied  March  15,  1876 5.00 

Periodicals  sold 5.88 

640.88 

Interest  on  current  balance 13. 17 


$929.74 


liecpi'pts — Perm anent  Fund. 

Cash  on  hand  as  per  la.st  report $257.53 

Entrance  fees 296.00 

Interest  on  bonds 86.00 


$639.53 

Disbursements. 

Association  of  Engineei'ing  Societies $404.23 

Rent 45.00 

Secretary,  salary 50.00 

Binding  periodicals 1 1 .  00 

Printing,  postage  and  stationery 137 .  53 

Periodicals 32.65 

Annual  dinner 23.00 

Janitor 5 .  00 

Excursion  to  Lawrence 27 .  00 

Book  cases  and  moving  books  30. 75 

Pamphlets  presented  to  American  Society  of  Mechanical  Engineers 74.06 

Cash  on  deposit 89 .  50 


$929.74 
Funds  of  the  Society  in  the  Hands  of  the  Treasurer  March  10,  1886. 

One  Republican  Valley  Railroad  6  per  cent,  bond $600.00 

One  Atchison,  Topeka  &  Santa  Fe  "  plain  5" 1,000.00 

Permanent  fund,  cash 559. 19 

Current  fund,  cash 89 . 50 


$2,248.69 
Henry  Manley,  Treasurer. 


March  24,  1886: — A  special  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  this  evening,  Mr.  J.  W.  Marden,  President  of  the  New  England  Railway 
Club,  in  the  chair,  twenty  members  of  this  Society  present. 

This  was  a  joint  meeting  with  the  New  England  Railway  Club,  and  was  held  to 
continue  the  discussion  of  the  relation  of  the  road-bed  to  the  rolling  stock. 

Mr.  F.  D.  Adams,  of  the  N.  E.  Railway  Club,  read  a  letter  from  Mr.  H.  S.  Good- 
win, of  the  Lehigh  Valley  R.  R.,  written  in  answer  to  a  cii'cular  sent  by  the  N.  E. 
Railway  Club.  This  letter  referred  to  the  practice  on  the  Lehigh  Valley  R.  R. 
observed  in  the  gauge  of  tracks,  spacing  of  frog  throats  and  guard  rails .  The  form 
of  rail  head  in  use,  the  maintenance  of  gauge  and  alignment,  the  allowance  in 
width  of  gauge  on  curves,  the  result  of  wear  on  the  surface  of  rail,  effect  of  sand, 
trouble  from  frogs  and  switches  on  sharp  curves,  weight  of  rail  and  strength  of 
bridges,  were  also  given. 

Mr.  M.  N.  Forney  referred  to  the  designing  of  rail  head  and  rail,  the  form  of 
tread  and  flange  of  wheel,  the  diversity  of  rail  sections,  which  causes  great  con- 
fusion among  manufacturers,  and  the  necessity  of  a  uniform  standard  of  gauge 
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of  truck,  and  tivad  and  flange  of  wheel,  (■ouitig  of  wheels  was  referred  to  as  a 
superstition,  and  the  straight  tread  was  stated  to  be  the  better  because  of  its 
more  uuiforin  anil  larger  Iwariug  surface  ou  the  rail.  The  proper  curvature  of 
the  wheel  at  the  throat  of  the  flauge  was  stated  to  be  a  great  point  iu  dispute,  and 
a  uniform  radius  of  wheel  and  rail  was  advocated.  The  discrepancies  between  the 
gauge  of  track  and  wheels  was  noticed,  and  the  si)eaker  contended  that  this  differ- 
ence was  undoubtedly  the  cause  of  many  accidents. 

Mr.  (rreggs,  of  the  Prov.  &  Worcester  R.  R.,  did  not  agree  with  Mr.  Forney  re- 
garding a  uniform  radius  of  wheel  and  rail,  and  gave  the  form  adopted  ou  that 
road.  Special  attention  should  be  given  to  the  centring  of  wheels  previous  to 
boring,  and  the  bore  should  be  square  with  the  back  of  flange.  Wheels  on  the 
same  axle  should  be  made  of  metal  of  equal  density  to  avoid  unequal  wear. 

Mr.  Lauder,  of  the  O.  C.  R.  R.,  fully  agreed  with  Mr.  Forney  ou  the  necessity 
of  accurate  fitting  of  throat  and  corner  of  rail,  and  also  on  the  form  of  flange  of 
wheel,  except  the  chamfer  on  the  outer  edge,  which,  he  stated,  wore  out  the  point 
of  the  White  switch  used  on  the  O.  C.  R.  R. 

Mr.  L.  B.  Bidwell.  of  the  N.  Y.  &  N.  E.  R.  R.,  claimed  that  a  coincidence  of 
throat  of  wheel  on  flange  did  not  save  wear  l)ecause  of  its  distance  from  the  roll- 
ing surface  of  the  wheel,  and  that  there  would  be  a  continual  rubbing  taking  place 
whenever  the  flange  struck. 

Mr.  George  Richards,  of  the  B.  &  P.  R.  R.,  approved  Mr.  Forney's  wheel. 

Mr.  Adams  approved  Mr.  Forney's  design,  and  urged  the  necessity  of  an  agree- 
ment between  the  representative  of  the  rolling  stock  and  permanent  way  as  a 
necessity,  and  claimed  that  the  limit  gauge  is  not  a  point  at  issue. 

Mr.  Marden  advocated  the  adoption  of  a  limit  gauge  and  the  use  of  the  Master 
Car-Builder.s"  standard.  He  disagreed  with  Mr.  Adams  on  the  propriety  of  dis- 
cussing the  limit  gauge  at  this  meeting,  stated  that  there  is  a  diversity  of  opinion 
on  the  proper  distance  between  guard  rail  and  track  and  that  it  is  impracticable 
to  decide  on  a  limit  gauge  of  wheels  until  a  standard  distance  between  guard  rail 
and  track  is  agreed  upon.  The  different  practice  on  different  roads  on  this  point 
was  refei"i-ed  to. 

Mr.  Adams  conceded  what  Mr.  Marden  claimed,  gave  the  limit  gauge  of  wheels 
on  the  B.  &  A.  R.  R.,  and  claimed  that  wheels  of  4,-5%  in.  gauge  could  be  safely 
run  ou  all  roads. 

Mr.  M.  W.  Oliver  claimed  that  before  you  make  a  standard  gauge  the  foim  of 
rail  must  be  agreed  upon,  that  the  throat  of  wheel  should  coincide  with  corner  of 
raU,  that  the  variation  in  size  of  wheels  causes  as  much  friction  as  does  curve  m 
track,  that  difference  in  diameter  of  wheels  may  cause  sharp  flanges,  and  that 
slightly  crowned  rail  and  sliglit  coning  of  wheel  give  the  most  favorable  con 
struction.  H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OP  ST.  LOUIS. 


April  7,  1886  :— Club  was  called  to  order  at  8:30  p.  m.,  at  Mercantile  Library, 
by  President  McMath,  eighteen  members  being  present.  The  minutes  of  last 
meeting  were  read  and  approved.  The  executive  committee  reported,  recom- 
mending that  Messrs.  Wm.  T.  Angell  and  Wm.  D.  McQuestin  be  elected  Mem- 
bers. They  were  balloted  for  and  elected.  Mr.  Jno.  A.  Sobolewski  was  pro- 
posed for  membership  by  Messrs.  R.  E.  McMath  and  T.  D.  Miller. 

Mr.  Robert  Moore,  the  delegate  from  this  Club  to  the  meeting  of  the  Civil  Engi- 
neers' Committee  on  National  Public  Works,  held  at  Cleveland,  March  31  and 
April  1  and  2,  reported  :  A  permanent  organization  was  effected.  Its  name  to 
be  The  Council  of  Engineering  Societies  on  National  Public  Works.  The  expense 
of  carrying  on  the  work  of  the  Council  to  be  met  by  a  request  on  each  society  rep- 
resented.    The  permanent  ofiicers  are  :  President,  L.  E.  Cooley ;  Vice-President, 
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Prof.  J.  B.  Davis ;  Secretary  and  Treasurer,  Prof.  John  Eisenmann.  Executive 
Board  :  L.  E.  Cooley,  J,  B.  Davis,  John  Eisenmann,  August  Kurth,  L.  M.  Haupt^ 
R.  E.  McMath  and  L.  J.  Barbot. 

The  fallowing  committees  were  appointed  to  gather  information  in  regard  to  the 
conduct  of  public  work  in  various  countries  :  Mr.  Barbot,  France  and  Italy  ;  Mr. 
Haupt,  United  States  ;  Mr.  Kurth,  Austria  and  Hungary  ;  Mr.  McMath,  Great 
Britain  and  Canada. 

Mr.  Robert  Moore  read  a  paper  on  "Tables  for  Determining  the  Sizes  of 
Sewers,  by  Kutter's  Formula."  The  paper  was  discussed,  followed  by  a  general 
discussion . 

[Adjourned '\  Thos.  D.  Miller,  Secretary. 
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April  6,  1886  :— The  233d  meeting  was  held  at  7:30  p.  M.,  President  Wright  ia 
the  chair. 

The  minutes  of  the  two  preceding  meetings  were  read  and  approved. 

Applications  to  be  admitted  to  membership  were  received  from  : 

John  B.  Allan,  Manager  for  E.  P.  Allis  &  Co.,  Chicago. 

Samuel  R.  Ballard,  Civil  Engineer,  Burlington,  Iowa. 

Samuel  A.  Bullard,  Architect  and  Engineer,  Springfield,  lU. 

Joseph  Phelps  Card,  Wood  Preserving,  Chicago. 

John  Chailes  DesGranges,  Construction  Engineer  Water- Works,  Aurora,  111. 

Eric  Gustaf  Ericson,  Assistant  Engineer  Pennsylvania  Co. ,  Wooster,  Ohio. 

John  E.  Ericson,  Civil  Engineer,  Chicago. 

William  A.  Hammett,  Manager  and  Mechanical  Engineer  for  New  York  Steam 
Power  Co.,  Chicago. 

Abner  C.  Harding,  Real  Estate  and  Insurance,  Chicago. 

Gustave  Bernard  Hegardt,  Civil  Engineer,  Beardstown,  lU. 

Eyvind  Lee  Heideureich,  Construction  of  Grain  Elevators,  Chicago. 

Marvin  Hughitt,  Second  Vice-President  and  General  Manager  Chicago  &  North- 
western Railway  Company,  Chicago. 

John  Lundie,  Assistant  Engineer,  City  Hall,  Chicago. 

Augustus  F.  Nagle,  General  Western  Agent  for  Providence  Steam  &  Gas  Pipe 
Co.,  Chicago. 

John  Nelson  Ostrone,  Assistant  Engineer  Bridge  Department,  Chicago,  Bur- 
lington &  Quincy  Railroad,  LaGrange,  111. 

Theodore  Parker,  Assistant  Engineer  Chicago,  Burlington  &  Quincy  Railroad, 
Burlington,  la. 

Orrin  W.  Potter,  President  North  Chicago  Rolling  Mill  Co.,  Chicago. 

Ethan  Philbrick,  Assistant  Engineer  Chicago  &  Alton  Railroad,  Western 
Springs,  111. 

Henry  Raeder,  Architect  and  Engineer,  Chicago. 

Albert  W.  Sullivan,  Division  Superintendent  Illinois  Central  RaUroad,  Cairo, 
111. 

William  Bryant  Throop,  Roadmaster  Chicago  Division,  Chicago,  Burlington  & 
Quincy  Railroad,  Aurora,  111. 

Messrs.  Frank  Lawlor  and  Ferd  Hall  were  transferred  to  the  grade  of  Members. 

Messrs.  Horace  C.  Alexander  and  Orlando  H.  Cheney  were  elected  Members. 

Mr.  Cooley,  for  Committee  on  National  Public  Works,  reported  progress,  and 
Mr.  Wright,  for  same  Committee,  reported  receipt  of  subscriptions  amounting  to 
JS47.49. 

Mr.  Gottlieb,  for  Committee  on  American  Society  of  Mechanical  Engineers^ 
recommended  that  a  committee  of  six  be  appointed  as  a  Reception  Committee  and 
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that  the  Society  offer  its  ball  for  the  use  of  the  Conveution  May  25,  20,  27,  and 
28. 

It  was  voted  that  the  reconuiieudatious  of  the  Committee  be  adopted,  and  that 
the  present  Committee  .should  aild  three  members  to  its  number  and  be  the  Re- 
cejition  Couunittee. 

The  Secretary  read  a  Memoir  of  Edward  B.  Talcott,  by  Mr.  Willard  S.  Pope. 

The  President  announced  Standing  Committees  as  follows  : 

COMMITTEES. 

1.  Surveys  and  Topography,  Chas.  MacRitchie,  Z.  A.  Enos. 

2.  Materials,  O.  Chauute,  A.  W.  Cooke. 

3.  Construction,  Allan  D.  Couover,  J.  T.  Dodge. 

4.  Bridges,  Maurice  Seifert,  George  R.  Bramhall. 

5.  Transportation,  Railroads,  Canals,  etc.,  C.  H.  Hudson,  H.  C.  Alexander. 

6.  River  and  Harbor  Improvements,  H.  B.  Herr,  G.  A.  M.  Liljencrantz. 

7.  Water  Supply,  Sewerage,  etc..  Samuel  McElroy,  J.  A.  Cole. 

8.  Fuel,  Heat  for  Industrial  Purposes,  John  Zellweger,  W.  S.  Bates. 

9.  Lighting,  Heating  and  Ventilating  Buildings,  J.  M.  HoweUs,  R.  F.  Hart- 
ford. 

10.  Mining,  C.  E.  Bilin,  Irving  A.  Steanis. 

11.  Tools  and  Machinery,  W.  H.  Lotz,  J.  Saltar,  Jr. 

12.  Jui-ispinideuce  of  Surveys,  C.  W.  Irish,  A.  V.  Powell. 

13.  Weights  and  Measmes,  Chas.  Latimer,  L.  E.  Cooley. 

14.  City  Engineering,  Samuel  G.  Artingstall,  W.  F.  Goodhue. 

15.  National  Public  Works,  L.  E.  Cooley,  H.  B.  Herr,  A.  W.  Wright. 

A  paper  on  '*  Long  Span  Bridges,"  by  Mr.  J.  F.  Clarke,  was  read  by  Mr.  Hall. 
A  criticism  was  read  bj-  Mr.  Gottlieb.  The  two  papers  were  referred  to  Com- 
mittee on  Bridges. 

A  paper  on  "A  Tiiue-Table  for  Lighting  Street  Lamps,"  by  Mr.  J.  M.  Howells, 
was  read  by  Mr.  Cooley. 

The  amendments  to  the  By-Laws  proposed  at  the  meeting  March  2  were  adopted. 

lAdjourned  ]  L.  P.  Morehouse,  Secretary. 


At  the  May  meeting  a  paper  will  be  read  by  Mr.  Chanute,  "  The  Preservation  of 
Timber."     Advance  sheets  will  be  sent  to  miembers  willing  to  discuss  this  paper. 


Editors  reprintinij  (irtirlfS  from  thisjouriinl  art 
requested  to  credit  both  the  Journal  and  the 
Society  be/ore   tvhich  such  articles  were  read. 


ASSOCIATION  OF  ENQINEERING  SOCIETIES. 


OBOANIZSD     1881. 


"\7"ol-  "V-  iT-U-H©,    ISSe.  DSTo.  8. 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

THE    EFFICIENCY    OF  A    PIPE    SYSTEM   FOR   FURNISHING 
WATER  TO   FIRE-ENGINES. 


By  S.  Bext  RrssELL.  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  February  17,  1886.] 


The  prol)leni  before  us  is  how  to  furnish  at  any  point  in  a  city  a 
sufficient  quantity  of  water  to  supply  a  maximum  number  of  fire  engines 
and  use  the  least  quantity  (tonnage)  of  pipes,  consistent  with  a.«sured 
safety. 

In  practice,  the  problem  is  combined  with  that  of  water  distribution  for 
domestic  purposes. 

In  the  study  of  this  subject,  the  great  need  is  for  some  method  of 
testing  our  system  of  pipes  which  will  show  if  it  can  furnish  on  demand 
the  required  quantity  of  water.  The  usual  method  of  gauging  the 
efficiency  of  a  system  of  pipes  for  furnishing  water  to  firs-engines  is  to 
wait  for  a  conflagration.  If  there  is  sufficient  water  to  extinguish  the 
fire,  the  efficiency  of  the  system  at  that  point  may  be  called  good.  This 
is,  however,  a  very  expensive  test,  especially  as  each  point  in  rur  city 
must  be  tested  for  itself. 

The  chief  object  of  this  paper  is  to  show  a  very  inr-xpensive  and  fairly 
reliable  method  of  testing  the  efficiency  of  a  system  of  pipes  for  this 
])urpose,  which  the  writer  has  found  of  great  value  in  studying  the  water- 
pipe  system  of  St.  Louis. 

The  fire-plug  used  in  the  experiments  is  of  tlie  underground  variety, 
the  nozzle  being  set  a  few  inches  below  the  level  of  the  sidewalk.  This 
pattern,  with  slight  variations  in  detail,  is  the  one  most  used  in  St.  Louis. 
The  nozzle  or  orifice  is  three  inches  inside  diameter,  and  points  at  an 
angle  of  about  sixty  degrees  with  the  horizontal  plane. 

To  consider  the  jet  thrown  from  such  an  orifice,  let  E  equal  the  vertica 
height  in  feet  to  which  water  is  thrown  above  orifice. 

I.,et  ^4  equal  the  horizontal  di-^tance  in  feet  to  which  water  is  thrown 
from  the  orifice. 

Let  T'  equal  the  velocity  of  discharge  in  feet  per  second. 

Let  /  equal  the  angle  which  the  axis  of  jet  at  the  orifica  makes  with 
the  horizontal  plane. 
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Then,  from  the  laws  of  projectiles    [compare  Bennett's  D'Aubisson 

page  255], 

_-         .,  sin"  i        ,     ^        2  v^  nin .  i  COS.  i 

E=  V-  — —   and  A  —  

Sgr  9 

These  two  expressions  may  be  combined  in  the  form  [see  Note  1]  : 
v^  --=2g  E{1  +  R-},  or 

V  =  Ay2gEa  +  R%  when  -R  =  ~ 

A 
Remark  :     -^  is  also  equal  to  the  cotangent  of  i,  or  is  equal  to  the 

tangent  of  the  angle  made  by  the  jet  at  the  orifice  with  the  verticaL 
[See  Bennett's  D'Aubisson]. 

Table  I.  gives  the  results  of  twelve  experiments  at  the  Old  Benton 
Street  Reservoir,  made  by  Mr.  Edw.  Flad  and  the  writer,    Dec.  4,  1884. 

These  experiments  were  made  with  one  fire-plug  controlled  by  a  six- 
inch  stop  valve,  which  was  used  to  regulate  the  discharge.  The  dis- 
charge was  measured  by  one  of  Colonel  Flad's  velocimeters,  which  had 
been  tested  in  place  by  means  of  a  measured  tank,  and  found  to  give  the 
correct  discharge  with  an  error  rarely  over  two  or  three  per  cent.  The 
heis^ht  and  length  of  the  jet  were  measured  by  triangulating. 

Table  I.  also  compares  the  discharge  as  given  by  the  velocimeter  with 
the  discharge  calculated  from  the  height  and  length  of  the  jet  by  the 
formula 

v  =  i/2gEa  +  R^) 

Taking  for  R  the  average  of  the  twelve  experiments,  as  shown  in  the 
table,  but  one  experiment  out  of  twelve  gave  a  difference  of  over  four 
and  one-half  per  cent.  The  total  of  the  discharges  given  by  the  formula 
differs  but  one  per  cent,  from  the  total  by  measurement. 

Table  II.  shows  the  results  of  six  experiments  with  five  different  fire 
plugs  made  by  Mr.  Wm.  Penney  and  the  writer  at  the  Fair  grounds, 
December  16,  1885.  These  fire-plvigs  get  their  supply  through  a  six-inch 
Crown  meter  which  was  used  to  measure  the  discharge.  The  height  and 
length  of  jets  were  measured  with  a  ten-foot  transit  rod. 

Table  II.  also  compares  the  discharges  calculated  by  the  formula  with. 
those  given  by  meter. 

The  maximum  difference  for  one  experiment  is  seven  and  one  half  per 
cent. 

The  value  of  the  ratio  —  varies  in  practice  from  1  to  3,  but   is  in  the 
E 

majority  of  cases  between  1.5  and  2.0. 

A 

Table  VIII.  gives  values  of  i-^  I  +  R^  for  different  values  of  —  for  con- 

venience  in  using  the  formula. 
Table  III.   gives  the  discharge  in  gallons  per  minute  from  a  three- 

inch  fire-plug  nozzle  for  different  heights  of  jet,  where  —  =  1.60,  calcu- 

E 

lated  by  the  formula.  The  discharges  for  any  value  of  —  may  be  found  by 

E 

adding  the  percentage  correction  given  in  column  5,  Table  VIII. 

Within  the  range  of  the  above  experiments,  the  formula  seems  to  be 


I 
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correct  enough  for  practical  use.  The  highest  jet  experimented  on 
was  twenty -nine  feet.  Fire-i)higs  in  St.  Louis  will  in  some  places  throw 
a  jet  over  sixty  feet  high,  but,  as  will  l)«  seen  further  on,  the  lower  jets 
are  those  usually  studied. 

Tables  IV.,  V.  and  VI.  give  the  results  of  seventeen  experiments  to 
determine  the  coefllicient  of  discharge  for  a  fire-plug,  or.  in  other  words, 
to  determine  the  pressure  in  the  main  necessary  to  discharge  a  given 
(juantity  of  water  from  the  fire-plug.  In  each  experiment  the  pressure  in 
the  main  was  taken  with  an  open-top  mercury  gauge. 

In  the  experiment  of  Table  VI.,  the  discharge  was  measured  by  meter. 
In  each  of  the  other  experiments  the  discharge  was  calculated  by  the 
formula  from  the  height  and  length  of  jet. 

Tlie  values  of  the  coefficient  of  discharge  vary  from  0.53  to  0.95  in  the' 
experiments  ;  0.77  seems  a  fair  average  value  for  the  coefficient  of  dis- 
charge, or,  in  other  words,  the  actual  dischai-ge  from  a  fire-plug  may  be 
taken  to  be  77  per  cent,  of  the  theoretical  discharge  from  a  three-inch 
orifice  due  the  pressure  in  the  main  while  the  fire-plug  is  open.  This 
coefficient  is  the  one  used  throughout  these  experiments.  The  pressures 
referred  to  are  all  reduced  to  the  level  of  the  fire-plug  nozzle. 

Table  VII.  gives  the  head  in  feet  in  the  main  necessary  to  discharge 
different  quantities  of  water  from  a  fire-plug,  calculated  with  a  coeflScient 
of  discharge  of  0.77. 

From  Table  VII.,  knowing  the  quantity  of  water  discharged  by  a  fire- 
plug when  full  open,  we  may  find  the  head  in  the  main  while  the  fire- 
plug is  running. 

Let  //  equal  the  pressure  or  head  in  feet  at  the  fire-plug  before  opening. 

Let  he  equal  ecjual  the  head  in  the  main  while  the  fire-plug  is  open. 

Then  H —  /ty  is  equal  to  the  loss  of  head  due  to  resistance  in  the  pipes. 

If  a  fire-plug  connected  with  a  pipe  or  system  of  pipes  is  opened  full, 
the  quantity  of  water  discharged  will  depend  on  :  1st.  The  head  in  the 
main  before  opening  the  fire-plug,  or  the  difference  of  level  between  the 
fire-plug  and  the  surface  of  the  water  in  the  reservoir  or  stand-pipe 
which  regulates  the  pressure  in  said  pipe  or  system  of  pipes.  2d.  The 
resistance  to  flow  in  the  pipe,  or  system  of  pipes,  which  resistance  depends 
on  the  quantity  of  water  discharged  and  the  condition  and  size  of  pipes. 

Reversing  the  above  law,  if  we  have  the  quantity  of  water  which  a 
fire-plug  will  discharge,  and  the  static  head  at  the  fire-plug  before  open- 
ing, vve  may  determine  the  resistance  to  flow  of  the  pipe  or  system  of 
pipes  supplying  the  fire-plug. 

In  practice,  to  study  the  efficiency  of  a  system  of  pipes,  we  make  the 
following  experiment  at  each  fire-plug  :  1.  A  spring  gauge  is  screwed  on 
the  nozzle  of  the  fire-plug,  the  valve  opened  and  the  pressure  recorded. 
2.  The  fire-plug  valve  is  opened  full  and  the  height  and  length  of  the  jet 
measured  with  a  transit  rod  and  recorded.  Thus  the  only  instruments 
needed  are  a  spring  gauge  set  in  a  brass  cap  fitting  the  fire-plug  nozzle 
and  a  transit  rod  divided  in  feet.  Any  intelligent  mechanic  can  be 
trusted  to  make  the  experiment  for  ordinary  purposes. 

From  the  data  thus  found  we  may  determine  for  each  experiment : 

1.  By  Tables  III.  and  VIII  ,  or  by  the  formula,  the  quantity  of  water 
discharged  per  minute  in  the  experiment. 
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2.  From  the  discharge,  by  Table  VII.,  the  head  in  the  main  during  said 
•discharge. 

3.  The  difference  of  head  in  the  main  when  the  fire-plug  is  open  from 
the  head  before  opening,  or  the  loss  of  head  due  to  friction  for  the  quan- 
tity of  experiment. 

Let  h  equal  this  difference  or  loss  of  head  due  friction,  etc.  We  find  a 
different  value  of  //  and  a  different  discharge  (g)  for  each  fire-plug  in  the 
district  experimented  on. 

The  following  formula,  a  modification  of  M.  Darcy's,  is  published  by 
Mr.  Kirkwood.    [See  "  Brooklyn  Water- Works,"  p.  54.] 

h  =  — , 
c  a 

h  —  loss  of  head  in  feet. 

V  =  velocity  in  feet  per  second. 

I  —  length  of  pipe  in  feet. 

d  =  diameter  of  pipe  in  feel. 

c  =  a  constant  varying  with  condition  of  pipe. 

If  this  be  true  of  a  single  pipe,  it  must  be  true  of  a  system  of  pi|)es  (see 
Note  2),  delivering  water  at  onn  point. 

If  /  and  d  be  constant,  letv-  =  m  g-  and  y  equal  the  discharge  in  gal- 
Ions  per  minute,  and  let 

m  I 

— r  =  A,  then  /;  =  A  q-,  or 

c  d  ^ 

h        q' 
Let  li  equal  the  loss  of  head  of  experiment. 
Let  7ii  equal  the  loss  of  head  for  a  quantity,  q^. 
Let  q  equal  the  discharge  of  experiment. 
Letgi  equal  an  assumed  discharge. 

Having  h  and  q  from  our  experiments  for  each  fire  ]ilug,  and  assum- 
ing Qi  the  same  for  each,  we  may  find  the  h^  for  each  thus  : 

;  ,  9i' 

and  thus  the  comparative  losses  of  head  for  a  given  quantity  of  water. 

This  gives  a  method  of  comparing  our  experiments.  Taking  g,  =  300 
gallons  per  minute  li^  will  have  values  ranging  from  0  to  150  feet  at  fire- 
plugs in  the  St.  Louis  distribution. 

Let  H  equal  the  pressure  at  the  fire-plug  when  not  running.  Then 
if  is  the  available  head  at  the  fire-plug.  In  our  experiment  only  the 
part  7(  was  used  in  overcoming  friction.  The  remaining  head  was 
needed  to  discharge  the  water  through  a  three-inch  nozzle. 

Let  us  assume  the  orifice  so  large  that  but  five  feet  head  is  necessary 
for  discharge,  then  we  shall  have  H —  5  =  7i«  head  to  overcome  friction . 
Five  feet  was  chosen  because  five  feet  head  w411  discharge  about  three 
hundred  gallons  per  minute  from  a  fire-plug  [see  Table  VII.],  which  is 
a  fair  supply  for  a  fire  engine  [see  Ellis'  Tables]. 

Turning  to  the  equation,  page  2, 

q-  h 
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we  get 


(li 


-W^ 


or  if  we  have  a  liead  /(„  to  overcome  friction,  the  discharge  will  be  7s 
For  convenience  call  the  expression 


,.  =  .i\/"-=,\/IL^ 


the  "comparative  efficiency"  of  the  distribution  at  that  point,  as  it 
expresses  as  nearly  as  may  be  determined  in  this  way  the  quantity  of 
water  which  the  distribution  system  will  furnish  at  that  point. 

This  gives  a  second  method  of  comparing  our  experiments.  If  two 
fire-plugs  give  the  same  values  of  /;,  their  "comparative  efficiency"  will 
depend  upon  their  respective  "  available  head." 

Plates  I.  and  II.  show  diagrams  of  two  sections  of  the  w-ater  distribution 
system  of  St.  Louis.  The  straight  lines  show  the  water  pipes.  There  are 
three  sets  of  curved  lines.  The  first  set  is  of  contour  lines.  The  second 
set  is  made  up  of  lines  showing  different  values  of  the  expression 

3- 
wlicn  5,  equals  500  gallons  per  minute,  or  different  losses  of  head  for  a 
discharge  of  500  gallons  per  minute.  Any  two  points  on  one  of  these  lines 
have  the  same  loss  of  head  for  that  discharge.  For  example,  in  Plate  I. 
the  first  of  these  lines  passes  through  points  having  a  loss  of  head  of  five 
feet  for  500  gallons  per  minute.  The  second  of  these  lines  passes  through 
points  having  a  loss  of  head  of  ten  feet  for  500  gallons  per  minute  dis- 
charge at  that  point,  etc. 

The  third  set  is  made  up  of  lines  showing  different  values  of  the 
expression 

h 
or  different  "  comparative  efficiency."  Any  two  points  on  one  of  these 
lines  have  equal  "  comparati%'e  efficiency."  For  exam  pie,  in  Plate  I.  the 
first  of  these  lines  passes  through  points  having  a  "  comparative  effi- 
ciency "  of  2,000,  the  second  passes  through  points  having  a  comparative 
efficiency  of  1,500,  etc. 

These  diagrams  show  the  way  in  which  distribution  may  be  studied  by 
this  method. 

If  the  ground  were  level,  the  second  and  third  sets  of  lines  would  be 
])arallel,  so  to  speak.  If  the  loss  of  head  for  500  gallons  per  minute  dis- 
charge were  equal  at  every  point,  the  third  set  of  lines  would  be  par.illel 
to  the  contour  lines. 

Table  X.  gives  the  "  comparative  efficiency"  of  some  of  the  points  of  the 
district  shown  on  Plate  II.,  before  and  after  laying  the  twenty -inch  pipe 
on  Shenandoah  street. 

Table  IX.  shows  the  "  comparative  efficiency"  of  two  points  on  Chest- 
nut street  under  different  conditions  of  distribution. 

In  the  preceding  method  we  have  assumed  the  formula  It  =  K  q*, 
given  by  Kirk  wood,  for  any  one  pipe  to  be  correct,  and  that  K  is  con. 
etant  for  any  discharge.     Most   hydraulic  engineers,  however,  say  that 
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the  co-efficient  K  is  not  constant,  except  at  high  velocities.  This  assump- 
tion was  used  because  it  was  the  only  one  by  which  the  experiments  could 
be  compared  or  reduced  to  a  comparable  shape.  In  calculating  ''com- 
parative efficiency,"  the  error  from  making  the  above  assumption  is  on 
the  side  of  safety.  The  results  found  with  this  assumption  and  by  this 
method  of  experiment  will  probably  be  much  nearer  the  truth  than  those 
calculated  by  the  most  precise  formula,  with  no  data  but  the  size,  length 
and  age  of  the  pipes.  By  a  careful  inspection  of  the  conditions  of  the 
experiments  the  probable  error  ))y  this  method  may  be  estimated  and 
allowed  for. 

Tables  XT.,  XII.,  XIII.  and  XIV.  give  tests  of  the  equation  h  =  K  q^ 
when  K  is  constant. 

Tables  XII.  and  XIII.  were  made  from  experiments  on  a  single  line  of 
six-inch  pipe.  In  these  experiments  as  shown,  the  formula  was  found 
practically  correct. 

Tables  XI.  and  XIV.  were  made  from  experiments  on  fire-plugs  sup- 
plied by  a  systeni  of  pipes.  In  each  of  these  two  experiments  two  fire- 
plugs about  300  feet  apart  on  a  twelve-inch  pipe  line  were  chosen,  the 
twelve-inch  line  being  supplied  by  a  system  of  six-inch  or  six  and  eight- 
inch  pipes.  These  two  fire-plugs  were  considered  to  be  at  one  point  as 
the  loss  of  head  for  that  discharge  in  300  feet  of  12-inch  pipe  would  be 
comparatively  inconsiderable. 

As  seen  in  Table  XI.,  the  two  fire-plugs  running  together  gave  on  Sarah 
street  from  fifteen  to  twenty  per  cent,  more  discharge  than  calculated 
by  the  formula  from  the  fire-plugs  run  separately  for  the  same  loss  of 
head.  On  Farrar  street,  however  (see  Table  XIV.)  the  discharge  given 
by  two  fire-plugs  was  only  from  two  to  ten  per  cent,  greater  than  that 
due  the  loss  of  head  by  the  formula. 

From  these  results  it  would  seem  safe  to  say  that  when  the  ratio  of 
velocities  is  not  great,  and  when  the  velocities  are  rot  too  small,  the  for- 
mula //  =  Kq^  may  be  used,  where  only  approximate  lesults  are  desired. 

This  method  of  studying  a  system  of  pipes  is,  of  course,  far  from  hav- 
ing scientific  accuracy,  but  will  be  found  of  much  use  as  a  simple  and 
handy  way  of  gauging  water  supply. 

The  same  principle  has  been  used,  of  later  years,  in  tests  of  water-pipe 
systems  ;  for  example,  the  requirement  that  six  fire-streams  100  feet 
high  should  be  thrown  simultaneously  from  one-inch  nozzles  as  a  test  of 
the  water  supply.  The  method  herein  given  is  much  simpler  in  practice, 
and  probably  more  reliable.  It  does  not,  certainly,  show  directly  how 
many  engines  may  be  used  around  any  assumed  point,  but  is  a  decided 
step  toward  the  solution  of  that  question.  We  are  enabled  to  compare 
different  districts  of  the  city  and  different  points  in  a  district.  Know- 
ing the  arrangement  of  pipes  and  fire-plugs  in  any  special  case,  after 
finding  the  "comparative  efficiency"  of  each  point,  the  efficiency  of  a 
number  of  points  discharging  at  the  same  time  could  probably  be  ap" 
proximated.  A  large  factor  of  safety  should  be  used,  however,  to  allow 
for  probable  error. 

Tables  of  loss  of  head  due  to  friction  in  water  pipes  must  not  be  too 
much  relied  on  in  this  work,  even  in  the  simplest  case  of  a  single  line  of 
pipe.     Experiments  in  this  city  show  that  no  two  lines  of  pipe  of  the 
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aame  diameter  and  U;ii>;tli  will  liave  the  same  loss  of  head  for  the  same 
quantity  diacharged.  The  co-eflicieiits  var}-  as  mucli  as  100  per  cent.  In 
aome  lines  of  six-inch  pipe  tiie  loss  of  head  per  1,000  feet  for  a  given 
quantity  of  water  is  more  than  twice  that  given  by  ordinary  tables  or 
formulas.  And  yet  pipes  do  not  seem  to  corrode  much  in  this  city  as 
compared  with  some  others. 

This  want  of  uniformity  may  be  largely  attributed  to  branches,  valves, 
etc.,  not  allowed  for  in  the  computation,  and  to  the  manner  in  which 
the  pipes  are  laid  as  well  as  to  the  age  of  pipe. 

The  requirements  of  a  system  of  distribution  for  domestic  pur- 
poses differ  from  those  of  a  system  for  fire  protection  in  that  the 
former  requires  a  capacity  to  furnish  a  small  quantity  of  water  to 
every  point  of  the  system  at  the  same  time,  while  the  latter  reipiiresa 
capacity  to  furnish  a  lirge  quantity  of  water  at  any  one  ])oint  of  the 
system. 

A  system  of  pipes  designed  for  domestic  purposes  only  would  have, 
under  ordinary  conditions,  a  capacity  unnecessarily  large  for  tire  protec- 
tion near  the  point  of  supply,  while  at  the  points  farthest  from  the  supply 
the  capacity  would  be  insufficient  for  fire  protection.  This  may  be 
expressed  otherwise  by  saying  that  the  most  economical  system  of  pipes 
for  domestic  service  would  probably  be  similar  to  the  veins  of  a  leaf,  i.  e., 
radiating  out  from  the  source  of  supply  and  decreasing  in  size  as  the  dis- 
tance increased. 

The  most  economical  system  for  fire  service,  on  the  other  hand,  would 
probably  be  more  similar  to  the  meshes  of  a  net. 

Systems  of  pipe  for  fire  service  may  be  divided  into  two  classes : 

1st.  Where  portable  fire-engines  are  vised  to  throw  the  fire-stream, 
taking  the  water  from  the  mains. 

2d.  Where  the  direct  pressure  in  the  main  is  used  to  throw  the  fire- 
stream. 

The  first  class  is  in  use  in  all  the  older  cities.  The  probleiu  of  supply 
is  the  same  in  both  classes,  the  only  difference  being  in  the  amount  of 
head  at  which  the  desired  supply  must  be  furnished.  The  additional 
head  necessary  f.ir  direct  service  is  equal  to  the  friction  loss  of  head  in 
the  fire-hose,  plus  the  head  required  at  the  hose  nozzle  to  throw  the 
stream  desired.  As  St.  Louis  uses  a  system  of  the  first  class,  the  safe 
requirement  here  is  that  the  desired  supply  be  delivered  into  the  valve 
cham])er  of  the  fire-engine  without  suction. 

The  quantity  of  water  needed  to  supply  the  fire-engines  at  a  fire  is  a 
very  uncertain  one. 

There  are  twenty -five  engine  companies  in  St.  Louis.  We  may  safely 
assume  twenty  fire-engines  throwing  300  gallons  per  minute  apiece,  to 
take  a  maximum  quantity.  This  would  be  6.000  gallons  per  minute, 
■which  would  be  delivered  by  one  20-inch  pipe  at  a  velocity  of  about  6 
feet  per  second. 

This  velocity  in  the  20-inch  ])ii)e  would  give  a  loss  of  head  of  about 
50  feet  per  mile. 

The  greater  the  distance  between  fire-plugs  the  less  water  a  number  of 
engines  will  require,  as  the  efficiency  of  a  fire-engine  diminishes  very 
rapidly  with  the  length  of  hose  ;  moreover,  the  engines  are  distributed 
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over  a  greater  number  mi  water  pipes  and  so  interfere  with  each  other's 
supply  to  a  less  degree. 

The  quantity  of  water  demanded  in  a  district  depends  also  on  the  value 
of  improvements.  The  same  protection  that  we  would  furnish  in  a  well- 
built  up  first-class  business  section  is  not  demanded  in  a  sparsely-built 
residence  district.  If  we  provide  for  a  demand  of  6,000  gallons  per 
minute  as  a  maximum  in  the  former,  1,000  gallons  per  minute  would 
seem  a  fair  allowance  for  the  latter,  and  2,500  gallons  per  minute  should 
be  ample  supply  for  the  best  residence  district. 

In  laying  out  a  system  of  pipes  for  a  city,  it  should  be  so  designed  that 
the  greater  part  of  the  loss  of  head  should  be  in  the  smaller  pipes,  that 
is,  that  when  one  or  more  engines  are  drawing  water  the  greatest  loss  of 
head  should  be  near  the  engines,  and  not  in  the  large  mains  which  sup- 
ply the  district. 

This  rule  is  necessary  for  economy,  as  one  large  main  will  supply  sev- 
eral districts,  and  any  lack  of  capacity  in  it  would  affect  them  all. 

After  long  experience  it  has  been  considered  unsafe  in  this  city  to  use 
any  pipe  of  less  than  six  i  nches  diameter  to  supply  fire-plugs. 

One  moregreat  complication  embarrasses  the  providing  of  a  city  with  a 
cheap  and  efficient  system  of  pipes.  This  is  given  by  the  irregular 
growth  of  the  city  in  different  directions,  and  by  the  way  improvements 
are  spread  over  so  much  larger  an  area  than  need  be. 

The  engineer  must  make  the  best  use  of  what  has  been  done  in  the 
past,  make  the  best  arrangement  for  present  needs  and  provide  as  well 
as  may  be  for  the  probable  contingencies  of  the  future. 

TABLE  I. 
Experiments  at  Old  Benton  Street  Reservoir,  Dec.  4,  1884,  with  one  fire-plug. 
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TABLE  II. 
Experiments  at  Fair  Grounds,  Dec.  16,  1885,  with  five  fire-plugs. 
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Note. — Experiments  Nos.  4  and  5  were  made  with  the  same  fire-plug. 
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TABLE   IV. 

Experiments  at  Old  Benton  Street  Reservoir,  Jan.  7,  1886,  with  one  tire-plug. 
Co-efficient  of  Discharge. 
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TABLE  V. 
Experiments  on  Cherokee  street,  Dec.  19,  1885,  with  five  fire-plugs. 
Co-efficient  of  Discharge. 
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TABLE  VI. 

Co-efficient  of  Discharge. 

Experiment  at  Fair  Grounds,  Dec.  16,  1885. 
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TABLE    VII. 
Head  in  feet  due  discharge  in  gallons  per  minute  for  fire-plug  with  3-inch 
noKle,  co-eflRcient  of  discharge  =  0.77. 


"3.3 


is   j:     ■ 

T  Sis 


aoo 

250 
300 
3.50 
400 
450 
500 
550 
600 
650 
700 
750 


<U  O 


2.2 

3.5 

5 

6.5 

9 
11 
13.5 
16 
19 
23 
27 
30 


a  ^ 


^ 


<s 


5  T.     . 

5 


800 

850 

900 

950 

1,000 

1.050 

1,100 

1,150 

1,200 

1,300 

1,400 

1,500 


qj  o 


34 
39 
44 
49 
55 
60 
65 
71 
76 
92 
106 
122 


TABLE    VIII. 


Co-eflBcients  to  be  used  with  formula  v  —  ^2  g  E  (1  +  R^).    E  =  height  of  jet 
in  feet.     .4  =  length  of  jet  in  feet,     v  =  velocity  of  discharge  in  feet  per  second. 
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Showing 
dates. 


TABLE  IX. 
"  comparative  efficiency"  of  points  on  Chestnut  street  at  different 


^"  Comparative  efficiency."— ^ 
Comptou  ave.      Cardinal  ave . 


Before  12-inch  line  was  laid  on  Compton  avenue, 
Jan.  5,  1885 

Stop-valve  shut  at  Compton  avenue.  Jan.  1.5,  1886. 

Twe've-iuch  line  laid  on  Compton  avenue  and  six- 
inch  stop- valve  partly  open  Jan.  1.5,  1886 


fire-plug. 

480 
330 

910 


fire-plug. 

600 
370 

790 


TASLE  X. 


Showing  "  comparative  efficiency"  of  certain  points  in  a  system  of  pipes  before 
and  after  laying  a  yO-inch  pipe  on  a  neighboring  street  (Shenandoah  street). 


Location  of  fire-plug. 
Victor  street,  2d  Carondelet  avenue . 
Barton  street,  "  "       . 

Victor  street,  Buena  Vista  street 

Victor  street,  Cecile  street 

Lami  street,  Cecile  street 

James  street,  west  of  Cecile  street. . . 

Victor  street,  McNair  avenue 

Victor  street,  Gravois  avenue , 

Center  street,  Gravois  avenue 

Ann  avenue,  Indiana  avenue 


— "  Comparative  efficiency."— s 
Jan.  13,  1885.     Dec.  12,  1885. 
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Test  of  the  formula  h 


TABLE   XI. 
Sarah  street,    Jan.  25,  1886. 
k  q'.     h  —  loss  of  head  due  friction, 
gallons  per  minute. 
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TABLE   XII. 
Test  of  the  furmula  h  =  I;  q^.    }i  —  loss  of  head  due  to  friction,    q  =  discharge 

in  gallons  per  minute,    k  =  constant. 
On  Finney  avenue,  Oct.  33,  1885. 


1st  Experiment.- 

. 

2d  Exp. 
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66 
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69 
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21 

27 
31 
40 
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26 
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30 

25 

6 

37 
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46 

1st  Experiment.— Each  fire-plug  run  by  itself. 

2d  Experiment. — Fire-plug  No.  8    running    full    open    and  discharging  430 
gallons  per  minute.     Losses  of  head  measured  at  other  plugs  bj'  gauge. 

•  TABLE  XIII. 

Experiments  on  Missouri  avenue,  Sept.  14,  1885. 
Test  of  the  formula  h  =  k  q~.    h  =  loss  of  head  due  to  ft-iction,  etc.  q  =  discharge. 

A;  =  constant. 


1st  Experiment 

2d  Exp. 
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340 
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52 

Whittoniore   pi. 

390 

51 

30 

28 

Lafayette  ave.. 

640 

31 

7 

7 

1st  Experiment. — Each  fire-plug  run  by  it.self. 

3d  Exp)eriment. — Fire-plug  at  Park  avenue  running  full  open  and  discharging 
300  gallons  per  minute.     Loss  of  bead  measured  by  gauge  at  other  fire-plugs. 
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TABLE  XIV. 
FarrarSt.,  Feb.  6,  1886. 
Test  of  the  formula  h  =  k  q'^  ;  h  =  loss  of  head  due  friction  ;  q  =  discharge  in 
gallons  per  minute. 


U 

loss 
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lions 
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o      ■- 
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46 
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3 
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47 

47 

1,066 

1  and  2* 

1,170 

72 

39 

1,170 

*  1  and  2  running  together. 


E  = 


NOTE  I. 


A  = 


2g     • 
sin  i  cos  i 


2gE 


4  (72  £-2 


and  g'^  A^  =  4  v*  sni^  /  cos-  i  =  4  v^  sin-  i  —  4  v^  sin*  2. 
By  substituting,  we  get : 

y^  A-'  -  8  11-'  3  £  —  16  g-  £"-'. 
.  •  .  8  t)2£  =  (7  A^  +  16  (/  £-'. 
(/-42  +  16(/£2 


.4 
Let  -^i—  =  E. 
4  e 


8  i; 


then  r^  =  2  f/  ^  Z?2  +  2g  E 
=  2g  E{i  +  i?2), 
and  r  =    \/2g  E(l  +  R^. 
When  A 


0,  R  =  0  and  v  -    ^  2  g  E. 

NOTE   II. 

I.  Assume  a  pipe  connecting  two  reservoirs. 

Let  H  =  difference  of  level  between  the  reservoirs. 

Let  q  =  quantity  of  water  discharged  through  the  pipe. 

If  the  pipe  be  composed  of  three  sections,  assume  in  the  first  section, 

h'  =  loss  of  head  in  first  section  and  that  h'  =  a  q^. 
In  the  second  section, 

h"  =  loss  of  head  in  second  section  and  that  h"  =  b  q^. 
In  the  third  section, 

h'"  —  loss  of  head  in  third  section  and  that  h'"  =  c  q*. 
Assume  a,  b  and  c  constant. 

Then  H  =  h'  +  h"  +  h'"  =  (a  +  6  +  c)  q^. 

Hence,  if  it  be  true  that  in  a  line  of  pipe  having  the  same  section  throughout,  the 
loss  of  head  due  to  friction  is  proportional  to  the  square  ot  the  discharge,  it  mus* 
be  time  in  a  pipe  of  varying  section. 

II.  Assume  three  lines  of  pipe,  each  of  uniform  section  throughout,  connecting, 
two  reservoirs.     Let  /*  =  difference  of  level  between  the  reservoii's. 
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In  the  first  pii)e, 

Lft  (['  —  quantity  of  water  discharged,  and  let  q'  =    ^—  J  h. 

In  the  second  pipe, 

1        _ 
Lety"  =  quantity  of  water  discharged,  and  letq"  =     v    1/  h. 

Let,  in  the  third  pipe, 

1       _ 
</ "  =  quantity  of  water  discharged,  and  let  q"  =      ~'a/  h. 

Assume  a,  b  and  c  constant.     Then 

Hence,  if  it  be  true  that  in  a  single  line  of  pii)e  the  l^ss  of  head  is  proportional  to 
the  s(niare  of  the  discharge,  it  must  be  true  for  any  number  of  pipes  having  a 
coniiiioii  supply  and  discharge. 

Combining  l".  and  11.,  it  may  be  shown  that  in  any  system  of  pipe.s  having  one 
supply  and  one  discharge,  the  loss  of  head  is  proportional  to  the  square  of  the  dis- 
charge. 

The  formula  given  by  Weisbach  for  a  curve  or  bend  in  a  pipe  is 

Zl 

28' 


"«    =  ili  (0.131.  i.847(^]i) 


he  =  head  lost  by  resistance  in  curve  in  feet. 

(p  =  deflection  in  degrees. 

r  =  S  diameter  of  pipe  in  feet. 

R  =  radius  of  axis  of  pipe  in  feet. 

T '  =  velocity  in  feet  per  second . 

The  formula  given  by  D'Aubuisson  (Bennett)  for  the  resistance  of  a  reducer  is 

/..=  0.251817  |:(^-1 

hr  =  loss  of  head  in  reducei'. 
I)  =  diameter  of  first  pipe. 
m  =  co-efficient  of  contraction. 
Q  =  discharge. 

If  the  same  curve  or  reducer  be  taken,  both  these  formulae  may  be  reduced  to 
the  general  form : 

h  =  k  g2. 
When  h  =  loss  of  head. 

q  =  discharge. 

A"  =  a  constant. 


DISCUSSION  OF  MR.  RUSSELL'S  PAPER,  FEBRUARY  17,  1886. 


Prof.  Woodward  :  Mr.  Russell,  in  testing  your  formula,  have  you  or 
any  one  turned  on  a  number  of  fire-plugs  in  a  district  and  observed 
them  simultaneously? 

Mr.  Russell  :  I  made  two  experiments  of  that  sort  with  two  fire-plugs. 

Prof.  Woodward  :  I  know  you  give  two,  but  is  it  not  feasible  to 
have  all  tried  in  case  of  afire? 

Mr.  Russell  :  The  only  case  that  I  know  of  its  being  done  was  after  a 
rather  disastrous  fire  on  Park  avenue,  where  a  car  stable  burned  down. 
The  pressures  were  all  good  and  the  pipes  seemed  to  be  amply  sufficient 
for  fire  service,  but  after  the  fire  I  turned  on  all  the  plugs  at   which  en- 
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gines  had  been,  and  found  tliat  when  sufficient  water  was  running  from 
the  lower  tire-plugs,  no  water  was  to  be  gotten  from  the  higher  ones. 

Prof.  Woodward  :  How  many  were  turned  on  in  that  experiment? 

Mr.  Russell :  Only  six.     They  were  located  on  very  high  ground. 

Mr.  Whitman  :  What  is  the  size  of  the  pipes  in  that  district  ? 

Mr.  Russell :  There  is  a  20-inch  line  on  Lafayette  avenue,  and  from 
that  six-inch  pipes  as  far  north  as  Chouteau  avenue.  This  district  lies 
between  Park  avenue  and  Chouteau  avenue,  Second  Carondelet  avenue 
and  Lafayette  avenue. 

Mr.  Whitman  :  In  the  case  you  speak  of,  did  not  the  trouble  come  on 
the  dead  end  pipe  in  the  alley  back  of  the  stable  ? 

Mr.  Russell  :  Yes.  That  was  where  the  engines  did  not  get  water. 
There  were  two  engines  trying  to  get  water  from  that  dead  end  pipe. 

Mr.  Whitman  :  It  comes  about  as  much  from  the  laying  out  of  the  sub- 
division as  anything  else.  The  pipe  you  speak  of  was  laid  in  the  rear  of 
the  stables  and  left  with  a  dead  end.  Since  that  time  I  believe  they  have 
extended  the  pipe  across  the  lot  over  into  Park  avenue,  so  that  the  pipe 
is  well  supplied. 

Mr.  Russell  :  I  would  say  in  this  connection  that  in  experimenting 
with  a  number  of  tire-plugs  at  different  elevations  you  would  probably 
get  large  streams  from  some  and  none  at  all  from  others  ;  that  is.  if  the 
plugs  were  full  open,  and  as  I  have  made  no  experiments  with  a  plug 
partly  closed,  I  do  not  know  how  it  would  affect  the  co-efficient  of  dis- 
charge of  the  fire-plugs.  We  always  open  the  plugs  in  full.  In  that 
way  we  know  the  co-efficient. 

Prof.  Johnson  :  In  your  paper  you  spoke  of  the  co-efficient  being 
variable.  That  wouid  depend  a  good  deal  on  the  condition  of  the  plugs, 
would  it  not  ? 

Mr.  Russell :  The  plugs  experimented  with  were  in  good  order.  Some 
very  startling  results  were  obtained  from  experiments  on  the  Missouri 
avenue  line,  a  six-inch  line  laid  about  six  years  ago.  i  plotted  the  hy- 
draulic grade  line  for  it,  and  found  that  it  had  a  slope  about  three  times 
as  great  as  Kirkwood's  table  would  give.  We  found  it  necessary  to 
shut  the  stop  valve  at  one  end  of  this  line,  in  order  to  maintain  pressure 
for  domestic  purposes.  With  the  stop  valve  shut  we  would  get  a  jet 
from  the  fire-plug  on  corner  of  Missouri  avenue  and  Park  avenuf>,  three 
feet  high,  and  with  the  valve  open  a  jet  of  about  18  feet  high.  The  stop 
valve  is  on  the  south  side  of  Park  avenue.  The  Missouri  avenue  line 
connects  with  a  20-inch  pipe  on  Lafayette  avenue  and  a  12-inch  line  on 
Park  avenue.  We  had  the  valve  shut  at  the  connection  with  Park  av- 
enue, preventing  any  water  from  coming  from  Park  avenue  main.  Park 
avenue  is  in  the  lower  district  and  Lafayette  avenue  in  the  upper  dis- 
trict. 

Mr.  Taussig :  Was  there  a  greater  demand  on  the  Lafayette  avenue 
main  than  on  the  Park  avenue  main  ? 

Mr.  Russell  :  No.  But  if  you  shut  the  stop  valve  at  Lafayette  avenue 
it  makes  it  worse  still. 

Mr.  Moore  :  How  do  you  account  for  the  loss  of  head  by  friction  in 
that  pipe  being  three  times  the  loss  of  head  as  shown  by  Kirkwood's 
table  V 
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Mr.  llolnian  :  AVell,  the  formula  does  not  apply  to  that  pipe,  because 
the  conditions  are  not  similar  to  those  in  the  experiments  from 
which  tlie  formula  was  derived.  Formulae  for  flow  of  water  in 
pipes  generally  express  the  results  of  some  experiment  or  a  num- 
ber of  experiments.  Now  engineers  are  ai)t  to  take  some  formula 
and  apply  it  to  everything  in  the  way  of  pipe,  when  in  reality  that 
formula  applies  only  to  cases  similar  to  those  which  obtained  in  the 
original  experiments.  I  will  state  here  that  in  a  very  careful  experiment 
made  on  a  long  line  of  6-inch  pipe,  Colonel  Flad  had  ojien  top  mercury 
gauges  constructed  and  connected  with  the  pipe  at  various  points.  The 
water  discharged  was  received  and  measured  in  a  large  cistern.  Gauge 
readings  were  taken  everj^  ten  minutes  during  the  discharge.  These  were 
afterwards  plotted  and  the  hydraulic  grade  line  was  found  to  be  perfect. 
At  the  same  time  the  quantity*  of  water  discharged  per  minute  was  one- 
thii'd  of  the  quantity  calculated  by  Kirkvvood's  formula  for  tubercu- 
lated  pipe. 

Prof.  Johnson  :  Was  there  not  some  obstruction  in  the  pipe— a  valve 
parth'  closed,  or  something  of  that  sort? 

Mr.  Holman  :  In  this  case  we  had  a  long  line  of  6-inch  pipe  running 
under  constant  head  and  discharging  into  a  cistern.  We  put  mercury 
gauges  at  regular  intervals  along  the  pipe.  The  gauges  indicated  the 
pressure  in  the  pipe.  Now,  if  there  is  no  obstruction  in  the  pipe,  the 
hydraulic  grade  line  given  by  the  gauge  readings  will  be  a  straight  line, 
but  if  there  was  at  any  point  a  stick  or  some  other  obstruction  in  the 
pipe,  you  would  find  the  grade  line  would  not  be  straight.  This  pipe 
gave  a  perfectly  straight  hydraulic  grade  line.  At  the  same  time,  the 
discharge  was  only  one-third  of  what  it  should  have  been  by  Kirkwood's 
formula. 

Prof.  Johnson  :  What  is  the  basis  of  Kirkwood's  formula  ? 

Mr.  Whitman  :  I  may  say  that  Mr.  Kirkwood's  formula  was  obtained 
from  experiment  on  the  mains  between  Jersey  City  and  Hackensack. 
Also  experiments  were  made  on  the  New  York  mains  from  the  reservoir 
down  to  Canal  street  and  then  on  a  line  in  Brooklyn. 

Mr.  Seddon  :  Have  you  any  idea  what  the  diameter  was  in  those 
experiments  ? 

Mr.  Whitman  :  It  varied  from  20  to  36  inches. 

Mr.  Seddon  :  That  would  account  very  readily  for  the  difference. 

Mr.  Holman  :  Well,  hardly;  some  of  the  formulas  for  flow  of  water  in 
pipes  were  derived  from  experiments  on  small  pipes,  one  inch  and  less. 
Kirkwood's  formula  gives  a  very  great  loss  of  head,  but  in  this  case  it 
was  not  large  enough.  The  pipe  was  what  is  known  as  a  6-inch  pipe. 
In  casting  pipe  they  of  course  cannot  cast  them  6  inches,  or  any  other 
dimension  exactly  ;  they  are  generally  a  little  more  or  a  little  less  and 
that  difference  seems  to  be  greater  in  large  pipe.  I  have  found  pipe  that 
were  classed  as  36-inch  pipe  that  measured  36^  inch  internal  diameter. 
The  6-inch  line  I  spoke  of  was  laid  by  people  that  never  before  or  since 
laid  a  line  of  pipe,  and  undoubtedly  it  was  laid  very  badly.  It  is  the  line 
connecting  Grand  avenue  with  the  Insane  Asylum,  and  I  think  a  great 
deal  of  trouble  comes  from  the  way  it  was  laid. 

Prof.  Woodward  :    Are  there  any  accumulations  in  the  water  pipe? 
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Mr,  Whitman  :  Well,  not  in  the  mains  to  any  extent;  that  is,  the  cur- 
rent keej)s  them  pretty  clear.  There  was  one  pipe  that  we  took  out  on 
Fourteenth  street  in  connection  with  some  bridge  extension  or  something 
of  that  kind.  The  pipe  was  over  half  full  of  mud,  showing  that  the  pipe 
had  very  little  to  do .  But  laterally  in  cutting  out  for  connections  we 
have  not  found  any  mud  in  the  mains. 

Prof.  Johnson  :  I  would  like  to  learn  further  in  reference  to  what 
Mr.  Russell  said  about  the  Missouri  avenue  main. 

Mr.  Whitman  :  We  have  changed  that  by  putting  in  a  check  valve 
there  so  that  when  the  fire-plug  is  opened  the  check  valve  opens  and 
gives  a  supply  as  wanted,  so  that  we  have  a  high  domestic  pressure  and 
a  good  fire  service. 

Mr.  Taussig :  The  pressure  is  less  on  Waverly  place,  for  the  same 
height,  than  it  is  on  Preston  place.     How  do  you  account  for  that  ? 

Mr.  Whitman  :     I  suspect  your  neighbors  are  wasting  water. 

Prof.  Johnson:  I  am  called  upon  sometimes  to  advise  in  regard  to  what 
formula  to  use  in  case  of  pipes,  and  I  have  relied  in  my  own  mind  on  the 
experiments  and  paper  by  Hamilton  Smith,  of  the  American  Society  of 
Civil  Engineers.  I  would  like  to  ask  your  judgment  of  that  paper  and 
if  there  is  anything  better. 

Mr.  Holman  :  The  formulas  generally  accepted  by  the  Germans  and 
Austrians,  who  have  probably  given  the  subject  more  study  and  atten- 
tion than  any  one  else,  are  the  formute  of  D'Arcy,  Prony  and  Weisbach 

In  some  experiments  that  were  made  in  Germany,  these  formulae  were 
shown  to  be  very  accurate.  But  at  the  same  time  they  gave  a  loss  of 
head  by  friction  differing  from  the  results  obtained  by  Smith,  and  a 
much  greater  loss  than  was  obtained  from  a  48-inch  pipe,  by  F.  P.  Sterns. 

The  co-efiicient  in  that  case  was  very  low.  Whether  that  came  from 
the  pipes  being  a  little  larger  than  48  inches  or  the  special  quality  of  the 
laying  I  do  not  know, 

Mr.  Moore  :  Was  that  a  cast-iron  or  wrought-iron  pipe  ? 

Mr.  Holman  :  It  was  a  cast-iron  pipe. 

Mr.  Moore  :  Mr.  Holman,  what  is  the  relative  friction  of  wrought-iron 
and  cast-iron  pipe  2 

Mr.  Holman  :  A  large  wrought-iron  pipe  will  have  a  higher  co-efficient 
than  a  smooth  laid  cast-iron  pipe,  unless  laid  with  butt  joints,  on  account 
of  the  joints.  A  good  cast-iron  pipe  well  coated  and  properly  laid 
should  give  as  small  a  co-eflicient  of  friction  as  any  pipe. 

Prof.  Johnson  :  You  are  obliged  to  use  something  in  designing  a 
new  system.  You  are  obliged  to  use  some  formula.  What  would  you 
use? 

Mr.  Holman  :  Well,  I  would  use  the  formulae  mentioned,  but  would 
also  arrange  to  increase  the  head  on  the  pipes  if  necessary. 

Prof.  Woodward :  I  would  ask  if  in  those  observations  on  the  long 
6-inch  pipe  there  were  any  changes  in  the  pressure. 

Mr.  Holman  :  Yes,  there  was  a  pulsation  on  all  the  gauges  from  one  end 
of  the  pipe  to  the  other. 

Prof.  Woodward  :  Where  was  the  water  taken  from  ? 

Mr.  Holman  :  Out  of  the  reservoir. 

(Mr.  Holman  here  made  a  diagram  of  the  experiment  on  the  long  line 
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giving  positions  of  the  gauges  ;  etc.,  said)  :  Tliere  was  a  distinct  pulsa- 
tion on  all  of  the  gauges. 

Member  :  Was  the  staud-pipe  between  this  pipe  and  the  pumps  'i 

Mr.  Holman  :  Yes  :  and  we  had  from  3  to  5  inches  pulsation  of  the 
mercury. 

Prof.    Woodward  :    Was  there  any  secondary  motion  ? 

Mr.  Holman  :  Yes,  there  were  secondary  pulsations,  but  I  do  not  re- 
member to  what  extent. 

Mr.  Whitman  :  In  some  experiments  at  the  stand-pipe  made  by  Fred 
Rice  in  regard  to  pulsations  he  recorded  that  they  w^ere  from  five  to  eight 
feet  and  were  from  two  to  three  per  minute. 

Mr.  Holman  ;  You  could  have  these  two  or  three  primary  pulsations 
of  the  staud-pipe  and  also  any  number  of  secondary  ones. 

Prof.  Johnson  :  How  long  was  that  6-inch  pipe  ? 

Mr.  Holman  :  About  two  and  one-half  miles. 

Prof.  Johnson  :  Is  there  not  a  great  dearth  of  actual  experiments 
on  various  sizes  of  pipes  for  various  lengths  when  you  come  to  take  long 
lengths  'i 

Mr.  Holman  :  So  far  as  I  know  there  are  very  few  experiments  on  long 
lines. 

Col.  Moore :  I  would  Like  to  ask  a  question  about  that  Insane 
Asylum  pipe.  You  say  it  was  laid  by  the  county,  and  it  was  intended  to 
deliver  %vater  to  the  asylum?    Don't  it  doit? 

:Mi-.  Whitman  :  I  do  not  know.  They  say  that  it  don't.  They  want  to 
use  about  100,000  gallons  per  day,  and  very  seldom  they  say  is  the  quan- 
tity more  than  50,000  or  60,000. 

Prof.  Johnson  :  I  think  Mr.  Bryan  has  aa  interesting  point  in  re- 
gard to  cleaning  out  the  oil  pipes.     He  is  in  the  pipe  business. 

Mr.  Brj-an  :  I  noticed  in  an  article  a  short  time  ago  that  they  have  a 
little  scraper  which  they  put  in  the  oil  pipe  lines  to  the  seaboard  in  the 
East.  They  have  relays  of  pipe-men  whose  business  it  is  to  follow  it  up 
hill  and  down.  They  must  never  let  it  get  out  of  their  hearing.  It 
makes  a  sort  of  clattering  noise,  so  that  they  can  locate  it.  If  they  lose 
track  of  it,  it  is  a  great  job  to  know  where  to  clear  the  pipes  again. 

Prof.  Johnson  :  What  is  the  nature  of  the  deposit. 

Mr.  Bryan  :  I  do  not  know,  but  think  it  is  an  oily  gummy  substance. 

Member  :  How  fast  does  the  scraper  travel  ? 

Mr.  Bryan  :  The  men  are  able  to  keep  up  with  it.  They  have  relays  of 
men  stationed  along  the  line  who  take  turns  in  following  it. 


BEACON  STREET  RESERVOIR— LOWELL  WATER- WORKS. 


By  George  E.  Evans,  City  Engineer,  Lowell,  Mass. 
[Read  March  17,  1886.] 


Before  describing  the  accident  that  happened  to  the  reservoir  last  fall, 
it  may  be  well  to  give  a  brief  description  of  the  reservoir  and  the  method 
of  construction.  The  reservoir  is  situated  at  the  head  of  Sixth  street,  on 
Beacon  street,  and  is  about  150  feet  above  the  central  portion  of  the  city. 
Its  shape  is  nearly  square,  excepting  that  the  two  easterly  corners  ar«  cut 
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off.  The  perimeter  of  the  embankment  incloses  7.1  acres,  and  the  perim- 
eter of  the  top  of  the  embankment  on  the  inner  line  measures  1,853 
feet.  The  high-water  surface  covers  5.2  acres,  and  the  reservoir  con- 
tains 30,500,000  gallons  when  the  depth  is  20  feet.  The  embankment  is 
15  feet  wide  on  top,  and  the  interior  slope  is  li  to  1,  and  the  exterior 
slope  is  2  to  1.  It  is  24  feet  from  the  top  of  the  embankment  to  the  bottom 
of  the  reservoir.  The  southeast  side  is  mostly  embankment,  the  north- 
east is  excavation,  and  the  remaining  sides  are  about  equally  divided 
between  excavation  and  embankment. 

The  material  under  the  top  soil  is  technically  known  as  "  hard-pan." 
It  was  so  hard  that  it  could  not  be  picked  advantageously,  and  a  special 
steel  plow  was  procured,  and  six  oxen  were  required  to  do  the  plowing. 
The  embankment  was  made  in  the  usual  manner  from  the  excavation, 
and  carried  up  in  layers  six  inches  in  depth,  and  all  stones  larger  than 
four  or  five  inches  in  diameter  were  taken  out.  Each  layer  was  thor- 
oughly wet  and  rolled  with  a  heavy  grooved  roller.  The  inner  slopes 
were  made  with  an  extra  width  of  one  foot,  which  was  afterward 
dressed  off  to  receive  the  puddle  lining.  The  inside  slopes  are  lined 
with  puddle  two  feet  thick,  and  extend  under  the  base  course  and  join 
the  bottom  puddle,  which  is  one  foot  thick.  The  puddle  was  selected 
from  the  excavation,  and  laid  on  the  slope  in  layers  six  inches  thick, 
and  wet  just  enough  to  bind  it  together  without  bulging,  and  thoroughly 
rolled  with  small  cast-iron  rollers.  The  lower  half  of  the  slope  is  cov- 
ered with  a  layer  of  broken  stone  eight  inches  thick,  and  the  upper  por- 
tion with  a  twelve-inch  layer.  The  granite  slope  paving  is  laid  dry  upon 
the  broken  stone,  the  joints  being  carefully  pinned  with  spauls.  The 
thickness  varies  from  twelve  to  fifteen  inches.  On  the  bottom,  at  the 
foot  of  the  slope  paving,  a  skew-back  or  base  course  was  laid  three  and 
one-half  feet  wide  and  eighteen  inches  thick,  which  rests  upon  the  pud- 
dle. The  reason  the  puddle  was  placed  on  the  slope  and  connected  with 
the  bottom  puddle,  instead  of  in  the  center  of  the  embankment,  was  on 
account  of  small  sand  seams  being  found  in  the  test  pits,  which  were 
feared  would  cause  leakage.     No  leakage  has  ever  been  discovered. 

The  reservoir  was  completed  October  1,  1872,  and  water  was  let  in  the 
last  of  November  of  the  same  year.  For  a  period  of  thirteen  years  the 
reservoir  had  not  been  cleaned  out,  or  the  water  allowed  to  be  less  than 
eleven  feet  deep  ;  and  it  was  decided  to  draw  the  water  oif ,  and  clean  out 
the  mud.  To  draw  the  water  from  the  reservoir,  the  pump  was  stopped 
September  26,  1886,  and  the  water  allowed  to  subside  by  city  consumption, 
which  was  at  an  average  rate  of  0.98  inch  per  hour. 

The  depth  of  water  in  the  reservoir  Avas  19^  feet.  At  3  p.  M.,  October 
2,  the  granite  paving  on  the  north  slope  started,  and  slowly  slid  down, 
making  a  diamond  shaped  breach  150  feet  in  length,  and  8  feet  wide  in 
the  widest  part.  October  4,  at  3  p.  M.,  a  section  of  the  paving  on  the 
west  slope,  adjoining  the  gate-house  on  the  south  side,  about  157  feet  in 
length,  slid  down,  and,  carrying  a  large  quantity  of  the  broken  stone  and 
puddle,  piled  up  on  the  bottom  of  the  reservoir.  There  were  about  600 
square  yards  in  this  slide,  and  one-half  of  this  amount  pushed  the  base 
course  horizontally  into  the  reservoir  about  ten  feet,  and  the  upper  por- 
tion rolled  down  upon  it.    The  portion  adjoining  the  gate-house  only 
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pushed  the  base  course  out  a  sliort  distance  and  slid  down  in  a  body, 
leaving  a  gap  in  the  slope. 

The  water  at  this  time  was  about  4  feet  10  inches  deep.  The  next  fore- 
noon at  eleven  o'clock  a  section  of  paving  on  the  west  slope,  north  of  the 
gate-house,  150  feet  in  length,  slid  slowly  into  the  reservoir,  about  24  feet 
from  the  foot  of  the  slope,  plowing  up  the  bottom  before  it.  (See  sec- 
tions.) The  water  was  about  2  feet  deep.  This  slope  was  examined  by 
the  writer  about  an  hour  before  the  accident  happened,  and  it  showed  no 
signs  of  starting  and  gave  no  warning  before  sliding,  but  moved  in  a  body, 
slowly  down  the  slope,  similar  to  wet  snow  sliding  on  a  roof.  The 
embankment  was  so  thoroughly  saturated  with  water  that  the 
puddle  acted  as  a  lubricant,  causing  the  paving  to  slide,  and  the  bottom 
had  become  so  soft  that  it  offered  no  resistance.  The  bottom  pviddle  was 
so  soft  and  miry  that  a  person  walking  on  it  would  sink  about  one  foot, 
although  there  was  a  thin  crust  which  would  bear  one  up  for  a  short  dis- 
tance. In  no  case  did  the  slides  break  back  of  the  original  face  of  the 
slope  in  the  rear  of  the  puddle  lining,  and  above  the  original  surface 
(base  of  embankment)  the  puddle  remained  nearly  the  same  as  laid. 
The  material  at  the  first  appearance  seems  to  have  considerable  clay,  but 
an  examination  by  Mr.  W.  P.  Atwood,  chemist,  revealed  the  fact  that  it 
is  composed  largely  of  fine  sand  mixed  with  gravel.  It  contains  about 
eleven  per  cent,  of  oxide  of  alumina. 

A  large  gang  of  laborers  was  set  to  work,  and  all  of  the  soft  and  miry 
puddle  on  the  slope  was  taken  out  and  the  space  filled  to  the  line  of  the 
broken  stone  with  fine  bank  gravel,  as  far  up  the  slope  as  a  line  about 
two  feet  below  the  base  of  the  embankment,  and  all  places  above  this 
line  that  required  filling  were  filled  with  gravel  mixed  with  one-third  of 
the  old  puddle.  The  plan  of  relaying  the  paving  was  changed,  and 
instead  of  having  a  base  course  level  with  the  bottom,  a  trench  was 
excavated  5J  feet  deep  and  at  a  angle  to  the  slope  (see  section). 
The  bed  stones  varied  from  3^  to  5  feet  wide  and  from  12  to  18  inches 
thick  ;  and  the  second  course  was  about  2ifeet  wide  and  15  inches  thick. 
These  courses  were  laid  in  cement  mortar  and  at  a  right  angle  to  the 
slope  paving,  which  was  laid  dry  upon  a  layer  of  broken  stone  from  8  to 
12  inches  thick.  Near  the  southwesterly  corner  quite  a  section  of  paving 
remained  in  place,  and  to  prevent  ibis  from  sliding  a  trench  3  feet  square 
was  dug  along  the  base  course  and  filled  with  cement  concrete. 

The  northeast  slope,  which  was  bulged  by  the  pressure  of  springs  in 
the  side-head  about  midway  down  the  slope  soon  after  the  reservoir  was 
completed,  and  before  water  was  let  in,  remained  in  place  without  show- 
ing any  change.  The  bulge  in  the  highest  portion  is  from  5  to  7  inches. 
The  base  course  had  been  pushed  horizontally  into  the  reservoir  a  few 
inches,  and  the  outer  course  was  slightly  raised.  It  appeared  as  having 
been  done  a  considerable  time  before  the  accident  to  the  other  slopes.  It 
was  considered  unsafe  to  disturb  the  base  course,  and  to  prevent  any 
further  movement  a  dry  rubble  wall  8  feet  wide  and  4  feet  high  was  laid 
on  top  of  it  and  overlapping  the  pviddle  bottom. 

The  other  slopes  remain  as  originally  laid,  excepting  a  slight  settlement 
or  falling  back  of  the  paving  at  the  top. 

The  first  stone  of  the  foundation  course  was  laid  October  22,  and  the 
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paviug  was  laid  up  to  a  height,. November  8th,  so  tliat  four  feet  of  water 
was  pumped  iuto  the  reservoir,  wliich  was  increased  as  the  paviuj^j  pro- 
gressed. The  paving  was  all  relaid  November  30,  making  thirty  one 
days  to  complete  it. 

Wlule  the  work  was  being  done  the  city  was  supplied  with  water  by 
pumping  through  the  gate  chamber,  which  is  so  arranged  as  to  serve  the 
purpose  of  a  stand-pipe,  and  no  difficulty  was  experienced.  Its  avail- 
able capacity  is  about  25,000  gallons. 


SMOKE    PREVENTION. 

REPORT   ON   THE  ADAPTATION  OF  THE  WILLIAMS  FURNACE  TO   ONE  OF   THE 
BOILERS  OF  THE  HEATING  PLANT  OF  WASHINGTON  UNIVERSITY,  ST.  LOUIS. 


About  a  year  ago  Mr.  Jacob  S.  Williams  was  authorized  to  adapt  one 
of  his  smokeless  furnaces  to  one  of  the  battery  of  boilers  that  supplies 
the  steam  for  heat  and  power  to  Washington  University.  The  work  was 
to  be  done  by  Mr.  Williams  at  the  expense  of  the  University,  and  under 
the  direction  of  the  undersigned.  The  apparatus  was  not  ready  for  trial 
till  June,  when,  just  preceding  the  close  of  the  college  year,  three  days' 
trials  were  had  of  seven  hours  each.  The  trials  were  to  determine  the 
capacity,  economy  and  smoke-preventing  qualities  of  the  furnace. 

These  trials  were  fairly  satisfactorj',  so  far  as  economy  and  smoke- 
prevontion  were  concerned.  The  economy  was  about  the  same  as  with 
the  old  furnace  (which  has  always  been  considered  very  good),  and  the 
chimney  was  practically  smokeless,  except  when  the  doors  were  opened 
for  feeding.  With  a  good  automatic  feed  the  chimney  could  readily  be 
made  smokeless.  In  the  matter  of  capacity,  however,  the  June  tests  had 
been  far  from  satisfactory,  the  maximum  attained  being  23  pounds  of 
coal  per  square  foot  of  grate  surface  per  hour,  or  3.38  pounds  oi  water 
evaporated  per  square  foot  of  heating  surface  per  hour.  The  old  fiu-naces 
may  be  made  to  burn  36  pounds  of  coal  per  square  foot  of  grate  surface, 
and  evaporate  5,70  pounds  of  water  per  square  foot  of  heating  surface  per 
hour.  Thus  the  capacity  of  the  Williams  furnace  was  but  about  GO  per 
cent,  of  that  of  the  old  furnaces,  while  the  efficiency  was  about  the  same 
and  the  smoke  record  very  good. 

It  is  proper  to  say  that  Mr.  Williams'  device  embodies  a  forced  draught, 
and  this  has  to  be  supplied  by  an  auxiliary  engine.  The  University 
did  not  have  an  engine  well  suited  to  this  purpose,  but,  on  application  to 
the  Westinghouse  Machine  Company,  at  Pittsburgh,  a  suitable  engine 
was  loaned  us  with  the  privilege  of  purchasing  at  a  very  low  figure  in 
case  we  should  wish  to  retain  it.  With  a  larger  boiler  and  furnace 
capacity  the  Williams  furnace  could  be  used  and  the  smoke  eliminated 
at  a  small  increased  cost  of  fuel  to  provide  for  the  forced  draught.  A 
capacity  of  twenty  pounds  of  coal  per  square  foot  of  grate  surface  per 
hour,  or  of  some  three  and  a  half  pounds  of  water  per  square  foot  of 
heating  surface,  is  considered  a  fair  service,  but  the  demands  on  our 
plant  are  so  great  that  nearly  twice  these  amounts  must  at  times  be 
realized.  This  seemed  to  be  the  limitation,  therefore,  that  would  pre- 
vent our  using  the  Williams  furnace  unless  we  doubled  our  furnace  and 
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boiler  capacity,  and  it  was  mainly  iu  this  dii'ection  that  the  committee 
have  turned  their  attention  during  the  current  year. 

The  Williams  furnace  provides  for  a  constant  supply  of  air  below  the 
grate  bars,  and  a  variable  supply  above,  the  maximum  supply  over  the 
fire  coming  with  a  fresh  supply  of  coal  to  mix  with  the  more  volatile 
hydro-carbons  that  are  suddenly  driven  off,  and  which  cause  the  dense 
volumes  of  black  smoke  from  fresh  fires  in  the  ordinary  furnace.  In 
fact,  all  the  conditions  of  perfect  combustion  with  greatest  economy  are 
present  in  the  Williams  furnace,  and  all  are  under  control.  It  was  this 
extended  compa?s  of  the  Williams  design  which  caused  the  committee 
to  feel  that,  when  properly  regulated,  it  ought  to  give  as  good  results  as 
could  be  secured  with  a  perfectly  smokeless  fvirnace  ;  and  within  its 
proper  capacity,  we  still  feel  that  this  impression  was  coi'rect.  The 
apparatus  used  by  Mr.  Williams  for  varying  his  air  supply  over  the  fire 
■was  complicated  and  unsatisfactory.  The  committee  succeeded  in  sim- 
plifying this  part  of  it  very  much. 

The  final  and  test  question  then  was  :  How  can  the  capacity  of  this 
furnace  be  increased  ?  The  cause  of  the  diminished  capacity  was  evident. 
W^ith  a  given  cLimney  draught  there  is  a  given  difference  in  atmospheric 
pressure  above  and  below  the  fire.  This  difference  in  pressure  is  what 
causes  the  air  to  force  its  way  through  the  obstructing  bed  of  coals,  and  so 
supply  the  oxygen  necessary  to  the  consumption  of  the  fuel.  The  amount 
of  coal  consumed  is  therefore  directly  in  proportion  to  the  air  passing 
through  the  fire,  and  this  in  turn  is  proportional  to  the  difference  in 
pressure  above  and  below  tlie  bars.  If  now  we  have  two  furnaces  con- 
nected with  the  same  chimney,  one  having  no  air  supplied  above  the  fii'e 
and  tlie  other  having  about  twice  as  much  air  supplied  above  the  fire  as 
there  is  coming  through  it  (as  is  necessary  for  complete  combustion),  it 
is  evident  that  the  diminished  atmospheric  pressui'e  above  the  fire,  due 
to  the  chimney  draught  which  is  common  to  the  two,  will  be  largely 
supi)lied  by  the  over-air  supply  in  the  second  case,  and  that  there  will 
then  be  a  much  less  draught  through  the  coal  bed.  The  coal  consump- 
tion will  therefore  be  cut  down.  Thus,  while  the  old  furnaces  will  burn 
36  pounds  of  coal  per  square  foot  of  grate  surface  per  hour,  the  same  fur- 
nace, with  a  sufiicient  supply  of  air  over  the  fire  to  prevent  smoke,  will 
burn  but  22  pounds.  There  are  now  but  two  feasible  ways  to  bring  up 
the  consumption  of  the  second  furnace,  and  they  are  either  to  increase 
the  height  of  the  chimney  or  to  inci-ease  its  draught  by  a  fan  in  the  flue. 
To  increase  the  combustion  from  22  to  36  pounds  would  require  more 
than  100  feet  increase  in  the  height  of  our  chimney  if  the  increased  com- 
bustion is  to  be  accomplished  by  this  means  alone. 

Some  experiments  were  tried  of  forcing  the  air  through  the  coal  bed 
by  introducing  a  greater  than  atmospheric  pressure  under  the  grates,  but 
then  with  an  increased  consumption  of  coal  it  was  necessary  to  increase 
the  supply  of  air  above  the  grate  again,  if  smoke  was  to  be  prevented, 
and  when  this  was  done  the  pressure  over  the  fire  became  greater  than 
atmospheric,  and  the  fire  was  forced  out  at  the  doors.  Evidently  a  gen- 
uine forced  draught  applied  at  the  furnace  cannot  be  attained  in  a  prac- 
tical way  except  by  keej^ing  the  air  in  the  boiler  room  at  greater  than 
atmospheric  pressure.  This  is  done  on  some  steam  vessels,  but  would  be 
impractical  in  our  case. 
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In  January  the  "Westinghouse  Company  called  back  their  engine,  and 
as  the  arches  of  the  Williams  furnace  had  forced  out  the  side  walls  some- 
what, thus  necessitating  their  beinjx  torn  out,  the  connnittee  decided  to 
let  the  engine  go  (in  place  of  recommending  its  purchase  at  the  small 
price  of  .$100).  The  arches  were  then  torn  out  and  the  furnace  rebuilt 
very  much  as  it  was  before. 

While  the  Williams  device  has  proved  insufficient  for  our  purposes, 
we  cannot  look  \ipon  the  experiment  as  without  valuable  results,  nor  do 
we  think  the  money  and  labor  spent  upon  it  as  in  any  sense  wasted  or 
misplaced.  The  smoke  nuisance  is  becoming  intolerable,  and  our  chim- 
ney is  almost  as  bad  as  the  worst.  Thousands  of  dollars  are  being  spent 
in  many  and  various  directions  towards  its  abatement.  Every  fact  of 
genera!  application  which  may  be  tributary  to  the  final  solution  of  the 
problem  is  of  great  value,  and  is  worth  paying  for.  We  feel  that  we  can 
make  such  a  contribution  to  the  present  accepted  theories  on  this  sub- 
ject. 

1.  It  has  been  generally  asserted  that  if  the  smoke  is  eliminated  there 
results  a  loss  in  economy.  This  we  have  found  is  not  necessarily  true. 
That  where  the  proper  amount  of  air  is  supplied  in  the  right  manner, 
the  smoke  may  be  entirely  prevented  with  no  loss  in  economy. 

2.  It  has  been  generally  surmised,  and  known  in  a  general  way  by  ex- 
perts, that  a  supply  of  air  above  the  grate  bars  would  result  in  a  loss  in 
capacity,  but  as  to  what  would  be  the  amount  of  this  loss,  we  have  never 
seen  any  statement.  This  ice  have  determined  for  our  furnace,  and  in  an 
approximate  way  for  all  furnaces.  Thus,  for  our  furnace,  we  have  found 
that  the  extreme  capacity  wasreduced  forty j^er  cent,  by  the  supply  of  air 
above  the  grates  sufficient  to  prevent  the  smoke.  We  are  also  able  to 
say,  with  confidence,  that  in  any  case,  the  extreme  capacity  will  be 
reduced  in  aboiit  this  ratio,  and  that,  therefore,  any  smoke-preventing 
device,  which  at  the  same  time  gives  complete  combustion  (for  the  two 
are  not  necessaiily  coincident),  cannot  be  used  with  a  plant  that  needs  to 
be  worked  to  its  extreme  capacity  in  the  ordinary  way.  without  at  the 
same  time  nearly  doid)liug  the  force  of  the  chimney  draught  by  some 
means  or  other,  or  else  nearly  doubling  the  size  of  the  plant. 

This  is  a  general  proposition  of  universal  application.  If  a  given 
plant  only  needs  to  be  worked  ordinarily  to  about  sixty  per  cent,  of  its 
extreme  capacity,  the  smoke  could  be  here  eliminated  without  loss  in 
economy,  and  without  any  extension  of  chimney  or  plant  But  where, 
as  in  our  case,  the  plant  needs  to  be  worked  at  times  io  its  extreme 
capacity,  we  could  not,  at  such  times,  work  any  smoke  preventing  attach- 
ment, At  all  times,  however,  when  the  demand  is  at  or  below  60  jDer 
cent,  of  the  extreme  limit,  then  the  smoke  could  be  prevented,  even  from 
our  furnaces,  without  any  additional  extensions.  Th<^  limitation,  there- 
fore, is  not  in  a  loss  in  economy,  but  in  a  serious  loss  in  capacity. 

These  specific  generalizations  we  have  not  met  with  in  all  the  litera- 
ture on  tliis  subject  that  has  come  to  our  attention,  and  they  are  of  great 
and  fundamental  importance  in  the  solution  of  the  perplexing  problem 
of  smoke  prevention. 

There  are,  in  general,  four  ways  in  which  to  recover  the  capacity  lost 
from  the  supply  of  air  above  the  fire, 
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1st.  To  extend  the  chimney  sufficiently  to  about  double  the  force  of 
the  draught,  or  to  double  the  amount  of  "vacuum  "  in  the  flue. 

2d.  To  put  a  fan,  or  blower,  in  the  flue,  and  so  increase  the  draught. 
3d.  To  increase  the  pressure  in  the  boiler-room  above  the  outside  atmos- 
pheric pressure. 
4th.  To  increase  the  furnace  and  boiler  capacity. 

The  third  method  is  liardly  feasible  with  land  stationary  boilers.  One 
of  the  other  three  alternatives  will  have  to  be  resorted  to,  therefore,  be- 
fore we  can  hope  to  prevent  the  smoke  from  our  chimney  in  the  winter 
season.  Signed  by 

J.  B.  Johnson,  \ 
C.  F.  White,     \  Committee. 
St.  Louis,  March  23,  1885.  C.  K.  Jones,     ) 

To  the  Chancellor  of  Washington  University. 


RAILROAD  WASHOUTS. 


By  Charles  W.  Folsom,  Member  of  Boston  Society  of  Civil  Engineers. 
[Read  April  7,  1S86.] 

For  the  last  two  j^ears  my  attention  has  been  attracted  by  the  very 
lai'ge  number  of  railroad  washouts  reported  in  the  newspapers.  Taking 
the  trouble  to  cut  out  the  paragraphs,  when  they  happened  to  catch  my 
eye  (but  making  no  search  for  them),  I  have  got  a  collection  of  50  items, 


State. 

Name  of 

railroad  or 

place. 

Rainfall 

reported . 

Inches. 

Number  washed  out. 

Lives 
lost. 

2 

Money 
damage 
reported. 

Date. 

Bridges 

and 
culverts. 

Miles 

of 
track. 

1881. 
Feb.  10.... 
March  26 . . 

Ohio&Ind. 

Nebraska. 

California. 

Texas. 
Louisiana. 

California. 

Texas. 

Kansas. 

Penna. 

Nevada. 

Wisconsin . 

Minnesota. 

Wiscon.sin  . 

Col.&N.M. 

New  Mex. 

Vermont. 

Mass. 

Illinois. 

New  York. 

Illinois. 

Florida. 

Mexico. 

Vermont. 

New  York. 

Penna. 
California  . 
Mass. 

Wabash. 
U.  Paciac. 
Oregon. 

Mexican. 
*N.  Orleans. 

Southern. 
Many. 
U.  Pacific. 
tCumb.  Val. 
C.  Pacific, 
tvi.  &st.  p. 
Duluth. 
No.  Wis. 
§A.,T.  &  S.  F. 

A.,  T.  &  S.  F. 
P.  &0. 
HLowell. 
Chicago. 
N.  Y.  C. 
Wabash. 

60  hours. 

14 

1 
1 

11 

iii 

Several . 

$175,000 

April  n... 

18S3. 
Sept.  8...  . 
April  7 . . .  . 

5% 

1884. 
April  15 . . . 

5 
Many. 

1 

4  in  places 

250,000 

May  23  ... . 

Many. 

May  18  .... 

30  in  pl'cs 
10  in  pl'cs 

Many. 

70  cattle. 

June  11 

June  10.... 

Sept.  16... 

14 

19 

1 
1 
Many. 

1 
1 

200,000 

Oct.  5 

3 
6 

Oct.  2 

May  to  Oct. 

4« 

514 
4 

330,000 

1885. 
July  19.... 
July  31.... 
July  29... 

4 
2 

Aug.  3 

Aug.  14  ... 

1 

1 

25,000 

Aug.  31 . . 

1 

Sept.  28 .... 

10 

Sept.  25 

Central. 
B.  &  W. 
West  Shore. 

10  in  pl'cs 

Nov.  3 

1 

1 
1 

2 

Nov 

1886. 
Jan.  23.   .. 

Jan.  22     . . 

So.  Pacific. 
**Boston. 

5 
6 

Many. 
Many. 

Many. 

150,000 

Feb.  12-15. 

300,000 

* '*  In  31^  hours."  t"  Passenger  train  just  saved  by  a  farmer."  t  "  Railroad  from 
Eau  Claire  to  Wabasha  almost  obliterated."  §  •'  Rio  Grande  left  its  cnannel  and 
attacked  the  road-bed."  1  Official  report.  **  Official  report  of  ramfall,  Boston  water- 
works. 
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recordiujj^  the  loss  of  uoarly  80  bridge  spans  and  about  125  culverts, 
involving  tbe  death  of  32  employes  and  2  passengers,  with  injuries  to 
many  others  ;  and  with  a  property  loss  only  to  be  counted  by  millions, 
two  items  alone  recording  a  united  loss  of  half  a  million  dollars. 

The  accompanying  table  gives  a  connected  view  of  some  of  the  most 
striking  of  these  newspaper  items.  (The  statements  of  rainfall,  of  course 
are  mostly  from  unofficial  sources,  and  have  only  a  limited  value.) 

If  this  is  a  fragment  of  the  after-breakfast  reading  of  one  engineer  in  a 
Boston  newspaper,  the  annual  result  in  tiie  United  States  can  be  very 
moderately  set  at  40  bridges  and  i50  culverts  washed  away,  with  20  lives 
and  ^1,000.000  worth  of  property  destroyed.  Probably  accurate  statistics 
would  go  far  above  that. 

It  maj'  be  worth  while  to  consider  what  tills  large  loss  of  Ufe  and  prop- 
erty is  owing  to,  and  what  can  be  done  to  prevent  it. 

Perhaps  it  would  not  be  too  much  to  say  that  the  railroad  work  of  a 
good  engineer,  well  supplied  with  funds,  should  be  water-proof  against  all 
ordinary  storms,  or  even  against  all  ordinary  great  storms.  At  least,  it 
is  well  to  make  it  so,  not  only  for  humanitarian  reasons,  but  as  a  matter 
of  economy;  no  washout  from  ordinary  great  storms  can  be  cheaper  than 
the  precautions  necessary  to  prevent  it  in  that  one  place. 

But  if  we  are  going  to  attempt  to  make  our  whole  line  storm-proof, 
there  comes  in  at  once  the  consideration  of  water-spouts  or  "cloud- 
bursts,"' abnormal  bursts  of  rainfall,  by  which  many  inches  of  water 
are  precipitated  in  a  very  few  hours,  or  less  time,  over  a  limited  area. 
It  is  alleged  that  these  sometimes  come  in  such  extraordinary  propor- 
tions as  to  entirely  sweep  away  all  outlets  arranged  on  usual  principles  ; 
and  that  the  "  insurance  outlay,"  which  would  be  necessary  to  guard  all 
crossings  of  streams  against  these  extraordinary  dangers,  would  bank- 
rupt all  ordinary  railroad  companies. 

I  have  not  been  so  fortunate  as  to  find  any  reliable  or  scientific  quanti- 
ties, times,  etc.,  of  these  "cloud-bursts"  in  the  States  west  of  the 
Mississippi  River  (from  which  region  the  accounts  of  them  have  been 
most  numerous),  and  I  have  had  no  personal  experience  of  them  in  those 
regions.  But  if  the  mountain  streams  in  the  Alleghany  or  "Appalachian" 
range  are  an  index  to  the  behavior  of  their  w^estern  sisters,  it  is  difficult 
to  see  why  the  tracks  of  the  Pennsylvania,  the  Baltimore  &  Ohio  and  the 
Chesapeake  &  Ohio  Railroads  have  not  been  washed  away  by  the  water- 
spouts as  well  as  those  of  their  sister  roads  further  west.  If  the  height 
of  tlie  freshets  in  the  main  streams  can  be  taken  as  an  indication  of  the 
violence  and  suddenness  of  the  rainfall,  the  Alleghany,  the  Monouga- 
hela,  the  Kanawha  and  the  Cumberland  set  a  pretty  high  standard.  The 
Ohio,  at  Cincinnati,  and  the  Tennessee,  at  Chattanooga,  have  both  risen 
60  feet  above  low  water  w^ithin  my  personal  knowledge.  Is  it  possible 
that  rapidity  or  cheapness  of  construction  of  the  roads  further  west  can 
have  had  any  bearing  on  their  losses  from  the  floods  ? 

I  am  strongly  of  the  opinion  that  the  subject  of  "  water-way,"  or  the 
proper  provision  for  the  passage  of  streams  alongside  and  under  the 
road-bed,  has  not  always  received  the  attention  which  its  importance 
demands.  The  water-way  of  large  streams  has  sometimes  been  con- 
tracted in  order  to  shorten  the  bridge  spans.     Grades  have  been  kept 
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down  close  to  the  "  freshet  mark  "  to  save  embankments  and  masonry. 
Culverts  have  been  "sprinkled  in"  where -well-defined  streams  presented 
themselves  without  much  inquiry  as  to  how  large  a  district  they  drained, 
or  whether  every  small  source  of  water  coming  against  the  track  was 
provided  for. 

It  has  been  my  fortune  several  times,  by  one  accident  or  another,  to 
be  called  on  to  take  charge  of  a  portion  of  railway  construction  com- 
menced by  another  engineer.  In  every  case,  on  going  over  the  line, 
profile  in  liand,  my  first  and  imperative  duty  has  seemed  to  be  to  increase 
the  number  and  size  of  spaces  for  loater-way.  Perhaps  this  may  have 
been  the  fault  of  an  over-worked  chief  engineer,  forced  to  get  his  princi- 
pal knowledge  of  the  line  in  the  office  ;  or  of  a  young  assistant,  who, 
though  bright  and  accomplished,  had  never  seen  the  destructive  effects 
of  a  freshet.  I  confess  my  own  first  and  early  lesson  was  a  sharp  one, 
when  I  waked  up  one  fine  morning  to  find  a  4-foot  box  culvert  and  em- 
bankment *'  clean  gone,''''  which  (though  not  responsible  for  its  design)  1 
had  never  dreamed  was  insufficient.  A  6- foot  arch  was  the  immediate 
successor  of  the  4-foot  box  ! 

If  we  are  planning  a  sewer  or  conduit  near  one  of  our  great  cities,  our 
first  task  is  to  ascertain  the  area,  slope  and  character  of  tributary  water- 
shed ;  and  by  some  allowance  (possibly  with  uncertain  data,  but  on  fixed 
principles)  compute  the  needed  size  of  our  water-bearing  tube  or  canal. 
The  lack  of  accurate  maps  or  other  information  has  often  prevented  any 
close  attempt  to  do  this  in  railroad  work  ;  but  efforts  in  the  direction  of 
such  calculations  would  often  be  well  rewarded. 

Among  some  of  the  precautions  against  the  loss  of  open-span  bridges 
which  may  be  briefl>"  hinted  at  are  first,  as  to  span  ;  to  remember  that 
if  the  cross-section  of  the  piers  be  deducted  from  the  water-way  we  must 
set  ovir  abutments  well  back  on  dry  land,  in  order  to  preserve  the  original 
area  of  cross-section  (and  luckily  this  often  gives  a  distinct  offset  to  the 
greater  cost  of  the  superstructure  by  a  saving  of  masonry  and  expense  in 
foundations).  If  the  stream  has  wide  bottoms,  the  chances  are  that  side 
spans,  "dry  land  spans,"  or  trestle-work  will  be  needed  back  from  the 
stream. 

Second,  as  to  Grade  ;  a  "  freshet  mark"  is  at  best  a  rather  doubtful  rec- 
ord of  what  has  been,  and  by  no  means  a  perfect  assurance  of  what  may 
he.  If  the  region  above  our  bridge  is  thickly  wooded  we  may  have  a  large 
tree,  branches  and  all,  swimming  out  of  water  to  catch  our  lower  chord; 
if  it  is  a  farming  district  a  big  barn,  with  fifty  cords  of  fence  rails,  may 
give  us  a  severe  pull.  Six  feet  above  freshet  mark  is  a  great  deal  better 
than  one.  Often  we  may  do  as  our  ancestors  did  with  their  highway 
bridges— set  them  up  high  and  dry.  giving  plenty  of  head-room  above 
the  flood,  while  the  long  approach  of  embankment  can  be  kept  several 
feet  lower.  In  exceptional  cases  of  moderate  span,  the  hanging  of  the 
floor-beams  gives  us  a  foot  extra  room. 

A  stream  is  often  diverted  into  a  channel  alongside  the  track  in  order 
to  save  two  bridge  crossings  ;  and  as  many  of  the  serious  money  losses 
come  from  long  embankments  washed  away  by  a  river  alongside,  it  is 
possible  that  attention  enough  is  not  always  given  in  the  diversion  of  a 
stream  to  making  a  curved  entrance  to  the  diversion:  with  a  dam  between 
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such  entrance  and  the  track,  in  order  to  keep  the  force  of  tlie  stream 
wlien  in  freshet  from  im[)inging  upon  the  embankment  on  its  original 
line. 

•But  while  a  treatise  might  be  written  on  the  various  considerations 
alTectiug  tlie  span  and  heiglit  of  open  bridges,  the  diversion  of  rivers,  and 
tlie  protection  of  embankments  by  riprap  or  otherwise  against  rivers, 
and  while  it  is  probable  that  the  larger  jjart  of  the  inone;/  loss  comes  fi-om 
defects  in  this  branch  of  railroad  water-way  ;  yet  I  think  that  most  of 
the  accidents  to  traiiis  and  loss  of  life  come  from  defects  in  the  number, 
size,  or  construction  of  small  culverts.  A  big  bridge  will  rarely  go  with- 
out sufficient  notice  to  save  the  trains  ;  but  a  small  culvert  may  give  way 
in  the  night  without  a  moment's  notice. 

If  a  culvert  is  too  small,  or  if  the  waterspout  is  abnormally  large,  the 
culvert  will  have  to  run  nndei'  a  head.  But  few  of  the  culverts  of  the 
old  school  were  constructed  fitly  for  that  end.  Many  of  us  can  ret^ollect 
seeing  those  that  were  little  better  than  a  mass  of  dry  rubble  pitched 
into  a  hole,  and  covered  up  as  quickly  as  possible.  The  very  excellence 
of  our  New  England  granite  as  a  building  material  tempted  to  its  use 
without  cement.  Now-a-days  probably  few  new  culverts  are  built  or  old 
ones  repaired  except  with  full  beds  of  cement. 

If  a  culvert  has  got  to  take  the  risk  of  running  under  a  head  the  foun- 
dation will  be  the  important  point.  Nothing  can  be  better  than  timber 
or  plank  foundations  in  soft,  wet  ground,  with  a  row  of  sheet  piling 
driven  ACROSS  the  axis  of  the  culvert  at  both  the  upper  and  lower  ends. 
In  hard  ground  a  paving  of  the  most  tightly  packed  blocks  with  a  "sheet 
piling  ■'  of  flag-stones  set  edgewise  should  be  used.  In  some  districts  thin 
flags  are  so  plentiful  that  a  3-foot  or  even  a  4-foot  culvert  can  be  paved 
with  a  solid  floor  of  flags  extending  well  under  both  walls. 

The  nature  of  the  embankment  over  and  around  the  culvert  is  impor- 
tant. If  it  is  composed  almost  entirely  of  large  loose  fragments  of  rock 
(as  may  easily  be  the  case  near  a  rock  cutting,  if  not  looked  after),  it  will 
indeed,  perhaps,  act  as  a  "  French  drain,"  while  the  water  is  low  ;  but  if 
the  freshet  rises  above  the  top  of  the  culvert,  the  water  in  soaking 
through  will  bring  down  the  earth  just  above  the  loose  rock,  and  away 
goes  the  bank. 

Our  modern  system  of  building  embankments  with  dump-cars  increases 
the  danger  of  this  ;  and  although  the  contract  generally  provides  that 
"  all  embankments  shall  be  made  in  well-compacted  layers  of  not  more 
than  —  feet  each,"  yet  many  might  be  found  to  which  that  description 
could  not  apply.  Therefore,  it  may  pay  to  borrow  enough  earth  at  the 
spot  to  make  the  embankment  immediately  above  and  around  the  cul- 
vert free  from  suspicion  in  this  respect. 

I  wish  I  could  say  that  "  water-way  "  did  not  cost  anything  !  But,  like 
most  other  good  things  in  this  Life,  it  has  to  be  paid  for.  To  offset  the 
cost  of  masonry  in  a  culvert  there  is  a  slight  saving  in  the  amount  of 
embankment  required  ;  a  saving  usually  equal  to  about  one-eighth  the 
cost  of  the  culvert.  I  have  made  some  rough  calculations  of  the  cost  of 
culvert  masonry  j^er  square  foot  of  water-way  furnished .  Of  course  this 
varies  with  the  height  of  embankment,  and  consequent  length  of  cul- 
vert.    It  also  varies  with  the  size  and  character  of  the  walls  and  cover- 
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ing ;  the  large  box  culverts  being  cheaper  (in  proportion  to  the  water- 
way furnished)  than  the  smaller  box,  or  than  the  next  size  larger  of  arched 
work.  The  following  table  gives  the  cost  per  square  foot  of  area  of  water- 
way for  some  culverts  from  3'  X  3'  box,  up  to  6^'  X  5'  arch  ;  for  three 
heights  of  embankment,  5ft.,  10  ft.,  and  15  ft.;  and  for  a  single  track 
road  : 

COST  OF  WATER-WAY   IN   DOLLARS   PER  SQUARE   FOOT  OF  CROSS-SECTION  (SINGLE 

TRACK). 


Size  of  culvert. 

For  5-foot 
embaukinent. 

For   10-foot 
embankment. 

For   15-foot 
embankment. 

Add  for 
double  track. 

3'  X  3',  box  

$7.50 
7.50 
6.50 
6.00 
6.25 
6.50 
7.50 

$11.00 
11.00 
9.50 
9.00 
9.50 
9.75 
11.50 

$14.50 
14.50 
13.00 
12.00 
12.50 
13.00 
15.25 

$2.75 

3'x4'  box 

2.75 

4'x4'  box* 

2.50 

2.25 

5'x4',  box* 

2.25 

5'  X  4'  arch 

2.50 

6}4'  X  5',  arcli 

2.75 

$6.75 

.^10.25 

$13.50 

$2.50 

Prices  assumed  as  follows  : 

Culvert  masonry $2.50  per  cubic  yard. 

Arch  masonry 5.00    '•  " 

Earth  embankment 25    "  " 

*  It  is  only  where  covering  stone  of  great  length  and  strength  abound  that  a 
box  culvert  of  4  feet  span  will  be  found  expedient. 

It  will  be  seen  that  the  average  cost  of  sizes  given  in  the  above  table  is 
about  $10  per  square  foot  of  water-way  required.  It  seems  as  if  this  or 
a  similar  table  offered  the  most  rapid  and  convenient  way  of  estimating 
for  small  masonry  preliminary  surveys,  due  allowance  being  made  for 
the  average  fill  on  any  given  piece  of  line,  as  well  as  for  the  special  cir- 
cumstances affecting  the  cost  of  stone  and.  labor. 

Many  further  details  might  be  enlarged  upon,  such  as  precautions 
against  driftwood,  fence  rails,  logs,  etc.,  choking  the  culverts  from 
above  ;  the  multiplication  of  small  open  culverts  in  side-hill  work  in 
preference  to  relying  too  much  upon  the  ditches  of  the  cut  ;  but  the  lim- 
its of  a  talk  like  this  will  hardly  admit  of  more  minute  discussion,  and  I 
will  only  say  in  conclusion  that  water  either  above  the  track,  under  the 
track,  or  alongside  the  track,  is  the  most  deadly  enemy  of  the  railroad 
builder,  and  that  too  much  thought  cannot  well  be  given  to  shutting  this 
enemy  out  m  advance,  so  that  he  will  never  become  an  object  of  anxiety 
after  trains  are  running. 

[Note. — For  discussion  of  this  paper  see  the  Proceedings  of  the  Bos 
ton  Society,  given  in  subsequent  pages  of  this  number  of  the  Journajl.  . 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


April,  7,  1886: — A  special  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  and  called  to  order  at  7:45  p.m.,  President  G.  L.  Vose  in  the  chair; 
twenty-eight  members  present. 

Mr.  C.  AV.  Folsom  I'ead  a  pajier  on  "  Railroad  Wash-Outs." 

Mr.  A.  A.  Folsom,  SuiJeriutoudent  of  the  Boston  &  Providence  Railroad,  was 
invited  by  the  President  to  give  his  experience  with  wash-outs. 

Mr.  Folsom  alluded  to  the  freshet  which  occurred  in  1867,  which  caused  Stoney 
Brook  to  overflow  and  flood  the  tracks  to  a  depth  of  two  feet.  His  experience  in 
1874  in  Alabama  in  time  of  freshet  was  next  given.  The  recent  freshet  was  next 
alluded  to.  and  the  wash-out  at  Mansfield  was  described.  Here  the  track  was 
washed  out  for  a  distance  of  150  feet,  a  train  of  three  sleepers  and  five  coaches  having 
passed  over  this  track  not  more  than  ten  minutes  before  the  wash-out  occurred.  At 
.another  point  a  15-foot  brick  arch  culvert  was  carried  away,  the  water  rising  at 
this  point  about  15  feet.  The  cause  of  the  failure  was  attributed  to  defective 
foundation  laid  in  quicksand.  This  culvert  is  to  be  replaced  by  a  30-  foot  brick 
arch.  At  this  point  the  track  was  left  suspended  after  the  wash-out  and  was  used 
to  transport  material  across.  A  photograph  was  exhibited  showing  the  track  as 
it  existed  after  the  flood  had  subsided .  At  another  point  the  road-bed  was  washed 
out  and  the  track  left  suspended  for  a  distance  of  150  feet.  At  another  point 
2,000  feet  of  track  was  washed  out.  At  another  point  the  track  was  two  feet 
under  water  and  was  used  during  the  flood.  From  thirty  to  forty  minutes'  time 
was  required  in  passing  this  place.  The  total  estimated  cost  of  repairs  on  the 
Boston  &  Providence  Railroad  was  placed  at  .?75,000. 

Mr.  H.  Bissell,  on  the  B.  &  M.  R.  R.,  had  less  trouble  than  other  roads  in  the 
vicinity.  Seven  or  eight  ciil  verts  washed  out.  The  cause  was  probably  defective 
work  in  construction. 

One  cause  of  wash-out  was  that  culverts  were  not  often  designed  of  sufficient 
size.  Narrow  culverts  cause  a  deepening  of  channel  and  a  consequent  undermin- 
ing of  foundation.     Sheeting  should  be  driven  at  the  ends  to  prevent  this. 

Farmers  sometimes  build  fences  across  the  culverts  to  keep  cattle  from  passing 
tlu'ough.  This  practice  of  fencing  reduces  the  area  of  cross  section.  Another 
cause  of  wash-outs  is  that  culverts  become  clogged  by  floating  cUbris. 

To  obtain  deep  trenches  on  adjoining  land,  farmers  have  been  known  to  dig  out 
the  channel  in  culverts  below  the  bottom  of  foundation.  This  is  another  cause  of 
wash-outs.  Where  railroad  embankments  are  washed  out  for  a  considerable  dis- 
tance, the  cause  is  due  to  the  direction  of  the  stream  being  parallel  wit  h  the 
embankment .     After  once  breaking  through,  the  flood  carries  everything  before  it, 

Mr.  L.  B .  BidweU  claimed  that  the  cost  of  culverts  was  greatly  increased  in 
large  culverts  because  of  the  large  stone  required  for  covering;  the  material 
for  side-walls  cost  less.  The  material  in  embankments  around  culverts  should  be 
thoroughly  compacted,  to  prevent  the  water  from  undermining  the  embankment. 
Paving  culverts  with  flat  stone  is  objectionable,  unless  with  flags  broad  enough  to 
reach  under  the  side  walls.  Particular  cases  require  special  treatment.  Round 
cobbles  make  good  paving,  the  round  corners  do  not  catch  floating  material.  Wash- 
outs on  the  N.  Y.  &  N.  E.  R.  R.  were  attributed  to  the  fact  that  the  area  of  cross- 
.section  of  culverts  was  reduced  in  time  of  freshet  by  the  rubbish  from  fields  and 
railsjfrom  fences  collected  and  retained  at  the  culvert. 
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Mr.  J.  W.  Ellis,  of  the  Providence  &  Worcester  Railroad,  stated  that  the  change 
in  course  of  a  river  as  described  in  Mr.  Folsom's  paper  afifects  the  banks  at  the 
outlet  of  the  new  channel  where  the  change  is  very  abrupt,  and  requires  special 
care  in  the  alignment  of  the  new  channel  and  the  protection  of  the  river  bank. 
A  case,  similar  to  the  one  mentioned  by  Mr.  Folsom,  located  on  the  Providence  & 
Worcester  Railroad  was  described,  and  the  effect  stated  to  be  exactly  as  described 
in  the  paper.  The  most  serious  wash-out  on  the  Providence  &  Worcester  Rail- 
road was  at  Lonsdale.  At  this  point  one  track  was  completely  washed  out  for 
1,200  feet;  this  was  all  done  in  less  than  3  minutes  from  the  time  the  wash-out 
began,  and  not  more  than  20  minutes  after  a  train  had  passed  over  it.  About 
135  feet  of  the  other  track  was  left  suspended  and  was  used  in  building  temporary 
trestle.  Measurements  taken  on  this  piece  of  suspended  track  gave  a  camber  of 
about  6  feet,  and  located  the  puU  on  the  track  as  extending  from  200  to  250  feet 
each  way.  The  temporary  trestle  was  completed  in  about  36  hours.  The  founda- 
tion of  the  trestle  was  in  quicksand.  This  trestle  settled  about  5  inches.  At  another 
point  where  the  embankment  was  washed  out  the  break  was  stopped  by  using 
sand  bags  and  stone.  A  forty-foot  stone  arch  culvert  was  undermined  at  one 
abutment  on  the  face  of  the  arch.  On  the  stream  where  this  culvert  was  built 
every  dam  and  bridge  was  carried  away  and  the  arch  was  filled  with  debris. 
Plans  of  this  arch  were  exhibited,  showing  its  condition  before  and  after  the  flood. 

Mr.  G.  R.  Hardy,  of  the  B.  &  A.  R.  R.,  stated  that  land-slides  were  the  excep- 
tion on  that  road,  from  the  fact  that  it  was  built  on  hard  foundation.  The 
freshet  of  1869  was  noticed  and  the  damage  done  on  that  road  near  W.  Brook- 
field.  Several  bridges  and  culverts  were  washed  away.  Also  at  Wilbraham  a 
culvert  was  carried  away.  The  cost  to  replace  this  culvert  was  §46,000.  The 
freshet  in  1875  was  alluded  to,  and  the  freshet  in  1876  caused  by  the  Worcester 
dam  giving  away. 

The  advantages  of  iron  bridges  over  arch  or  box  culverts  was  shown,  attention 
being  called  to  the  fact  that  if  iron  bridges  were  used,  the  damage  caused  by  flood 
was  usually  confined  to  the  bridge  without  damaging  the  abutments.  After  the 
flood  had  subsided  the  iron  work  could  be  replaced  at  much  less  expense  than  an 
arch  or  box  culve'-t. 

iAdjourned.'\  H.  L.  Eaton,  Secretary. 

April  17,  1886  :— In  the  absence  of  the  President  and  Vice-President,  Mr.  Des- 
mond Pitz  (irerald  was  elected  Chairman.  Fifty  Members  and  three  visitors 
present. 

The  records  of  the  annual  meeting  and  dinner,  and  the  special  meetings  of  March 
24  and  April  7,  were  read  and  approved,  etc.  After  reading  the  records,  Mr. 
D .  Fitz  Gerald  resigned  the  chair  in  favor  of  Vice-President  Rice. 

Messrs.  F.  C.  Cofiin,  G.  E.  Evans,  G.  A.  Nelson  and  F.  B.  Knapp  were  elected 
Members,  and  eight  applications  for  membership  were  read. 

The  following  recommendations,  submitted  by  the  Government  at  the  annual 
meeting,  were  accepted  and  adopted  : 

That  a  vote  of  thanks  be  extended  the  General  Manager  of  the  B.  &  A.  R.  R.  for 
the  use  of  the  rooms  occupied  by  this  Society . 

That  a  Special  Committee  on  Library  be  appointed. 

That  the  cost  of  book-cases  in  the  Society's  room  be  paid  from  the  Permanent 
Fund. 

That  the  salary  of  the  Secretary  be  fixed  at  $100,  beginning  March  21,  1886. 

On  motion,  it  was  Voted,  That  it  is  inexpedient  to  take  action  on  the  recommen- 
dation of  the  Government  concerning  tlie  list  of  corresponding  members. 

On  motion,  it  was  Voted,  That  the  Government  be  requested  to  prepare  a  form 
of  amendment  to  the  Constitution,  to  provide  for  the  necessary  changes  in  Articles 
XIV.  and  XV. 
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The  Special  Coiinnittt'e  ou  Preservatii>n  of  Timber  was  continued  as  at  present 
constituted,  with  the  name  of  H.  Bissell  added. 

The  Committee  on  Weights  and  Measures  was  continued  as  at  present  con- 
stituted. 

The  matter  of  appointing  a  Committee  on  National  Public  Works  was  laid  on 
the  table  until  the  next  meeting. 

The  Government  was  authorized  to  appoint  a  Committee  on  Excursions. 

The  matter  of  printing  a  record  of  meetings,  to  be  distributed  among  Members 
as  soon  as  possible  after  each  meeting,  was  referred  to  the  Government,  with  full 
powers. 

Mr.  Fred.  Brooks  submitted  in  writing  the  following  addition  to  the  By-Laws  : 
By-Law  II.     The  salary  of  the  Secretary  shall  be  one  hundred  dollars  a  year. 

On  motion  of  Mr.  C.  W.  Folsom  it  was  Voted,  That  a  Committee  of  three  or  five 
be  appointed  by  the  President  to  consider  and  report  on  the  expediency  of  adding 
to  the  number  of  special  committees  (in  some  such  way  as  is  done  by  the  various 
western  engineering  societies),  with  a  view  to  the  preparation  of  papers,  or  to 
discussions  and  leports  on  various  subjects,  said  Committee  to  submit  any  recom- 
mendations it  ma  J'  deem  expedient. 

Mr.  G .  W.  Blodgett  read  a  paper  on  the  Application  of  Electrical  Apparatus  to 
Railroad  Signals,  and  exhibited  and  described  models  of  track  and  signals,  illus- 
trating his  paper . 

Mr.  G.  R.  Hardy  read  a  paper  entitled  Notes  on  the  Application  of  Railroad 
Signals. 

Mr.  Dexter  Brackett  read  a  paper  on  Rain-fall  Received  and  Collected  on  the 
Water-sheds  of  the  Sudbury  River  and  Cochituate  and  Mystic  Lakes. 

lAdjourned.'\  H.  L.  Eaton,  Secretary. 


May  19,  1886  : — A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers  was 
held  and  called  to  order  at  7:10  p.  M.,  President  George  L.  Vose  in  the  chair. 
Forty-one  Members  and  six  visitors  were  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  A.  B.  Drake,  G.  A.  Ellis,  J.  W.  Ellis,  F.  S.  Hart,  C.  D.  Jameson, 
B.  C.  Mudge,  M.  B.  Smith,  G.  M.  Tompson  were  elected  Members  of  this  Society. 

Mr.  Charles  H.  Haswell  was  proposed  for  Honorary  Membership,  recommended 
b}'  F.  Brooks,  H.  Manley.  Mr.  Arthur  Winslow  was  proposed  for  membership, 
recommended  by  H.  H.  Carter,  C.  M.  Wilkes. 

Mr.  C.  W.  Folsom  submitted  a  report  from  the  committee  appointed  to  consider 
the  exi^ediency  of  adding  to  the  number  of  special  committees  :  That  it  was  inex- 
pedient at  present  to  increa.se  the  number  of  committees  and  that  the  Committee 
be  given  further  time  to  consider  the  subject.  The  Committee  were  given  further 
time. 

The  followed  proposed  amendments  to  Articles  XIV.  and  XV .  of  the  Constitu- 
tion were  adopted  by  a  vote  of  18  to  0. 

AMENDED   ARTICLE   XIV. 

Any  person  duly  elected  shall  become  a  Member  on  subscribing  his  name  to  the 
Constitution  and  paying  ten  dollars  to  the  Treasurer,  and  the  cost  of  the  Journal 
from  the  date  of  admission  to  the  date  of  the  next  annual  meeting. 

AMENDED   ARTICLE    XV. 

Members  shall  be  liable  for  such  assessments  as  shall  be  voted  by  the  Society, 
except  that  during  residence  fifty  miles  or  more  from  Boston,  any  Member  whose 
dueshavebeen  fully  pnid,  niid  who  ^llall  give  wiitti n  notice  luthe  Secretary, 
may  thereby  he  exempt  from  any  as.ses.sment  levied  I  efoie  the  next  annual  meet- 
ing, and  by  the  payment  of  four  dollars,  at  or  before  the  annual  meeting,  may 
retain  his  membership  and  be  exempteil  from  any  assessment  during  the  year  fol- 
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lowing  such  annual  meeting,  or  for  any  less  period  that  his  non-residence  shall  con- 
tinue. 

The  additional  By-Law  proposed  in  writing  at  the  last  meeting  was  adopted  by 
the  following  vote  :  Affirmative,  20 ;  negative,  0.  The  By-Law  as  adopted  is  : 
12.    The  salary  of  the  Secretary  shall  be  .?100  a  year. 

On  motion,  it  was  voted.  That  the  President  be  requested  to  appoint  a  Special 
Committee  on  National  Public  Works,  this  Committee  to  consist  of  three  Mem- 
bers ;  the  chairman  of  this  Committee  to  be  authorized  to  represent  this  Society 
at  meetings  called  by  the  chairmen  of  similar  committees  of  other  societies  ; 
provided  that  no  expense  be  entailed  upon  the  Society  without  express  vote 
authorizing  the  same. 

Voted,  That  a  vote  of  thanks  be  extended  the  management  of  the  Fitchburg 
Railroad  for  courtesies  extended  and  transportation  furnished  the  Society  on  its 
excursion  to  the  Stony  Brook  Dam,  Cambridge  Water-Works,  May  19,  1886. 

Prof.  Wm.  Ripley  Nichols  read  a  paper  on  the  use  of  galvanized  and  some  other 
service  pipes  for  conveying  water,  and  exhibited  samples  of  galvanized  pipes 
which  had  been  tested  by  him. 

Mr.  Chas.  D.  Jameson  read  a  paper  entitled  "  Notes  on  the  Panama  Canal.''  The 
paper  was  illustrated  by  a  large  number  of  photographs  and  drawings. 

lAdjourned.l  H.  L.  Eaton,  Secretary. 
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Mat  4,  1886  :— The  234th  meeting  was  held  at  7:30  p.  m.,  President  Wright  in 
the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Applications  to  be  admitted  to  membership  were  received  from  : 

Edward  T.  Blake,  Assistant  Engineer,  Chicago,  Burlington  &  Quincy  R.  ]^. , 
Chicago. 

Richard  T.  Crane,  Manufacturer  of  Machinery,  Chicago. 

Albert  Winfield  Fiero,  Inspector  of  Steel  Rails,  Joliet,  111. 

William  Raab  Geeting,  Civil  Engineer,  1,460  West  Lake  street,  Chicago. 

Rudolph  Herrng,  Chief  Engineer,  Drainage  and  Water  Supply  Commission, 
Chicago. 

Fred.  L.  Hill,  Civil  Engineer,  Burlington,  Iowa. 

Charles  B.  Holmes,  President  and  Superintendent,  Chicago  City  Railway  Com- 
pany, Chicago. 

William  J.  Hotchkiss,  Assistant  Engineer,  City  Hall,  Chicago. 

Alexander  Edward  Kastl,  Civil  Engineer,  Drainage  and  Water  Supply  Com- 
mission, Chicago. 

Alexander  Kirkland,  Commissioner  of  Buildings,  City  Hall,  Chicago. 

Michael  McDermott,  Civil  Engineer,  2,573  Emerald  avenue,  Chicago. 

Henry  H.  Porter,  President,  Chicago  &  Indiana  Coal  Co. ,  Chicago. 

Frederick  C.  Rossiter,  Surveyor,  1004  Van  Buren  street,  Chicago. 

Morris  Sellers,  Iron  Master,  514  La  Salle  avenue,  Chicago. 

William  Oscar  Seymour,  Chief  Engineer,  C,  W.  &  M.  R.  R.  Co.  and  C.  &  G. 
W.  R.  R.  Co.,  Chicago. 

Charles  James  Viliin,  Leveler,  101  West  Eighteenth  street,  Chicago. 

The  following  persons  were  elected  Members  and  Associates  : 

Members. — John  B.  Allan,  Manager  for  E.  P.  AUis  &  Co.,  Chicago. 

Samuel  R.  Ballard,  Civil  Engineer,  Burlington,  Iowa. 

Samuel  A.  Bullard,  Architect  and  Engineer,  Spri«igfield,  111. 

Joseph  Phelps  Card,  Wood  Preserving,  Chicago. 

John  Charles  DesGranges,  Construction  Engineer  Water- Works,  Aurora,  111 . 
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Eric  Gustaf  Ericson,  Assistant  Engineer,  Pennsylvania  Co.,  AVooster,  Ohio. 

John  E.  Erifsou,  Civil  Engineer,  Chicago. 

William  A.  Haniniett,  Manager  and  Mechanical  Engineer  for  New  York  Steam 
Power  Co. ,  Chicago. 

Abner  C.  Harding,  Real  Estate  and  Insurance,  Chicago. 

Gustave  Bernard  Hegardt,  Civil  Engineer,  Beardstown,  111. 

Ey~vind  Lee  Heidenreich,  Constiniction  of  Grain  Elevators,  Chicago. 

John  Lundie,  Assistant  Engineer,  City  Hall,  Chicago. 

Augustus  F.  Nagle,  General  Western  Agent  for  Providence  Steam  and  Gas  Pipe 
Co.,  Chicago. 

John  Nelson  Ostrone,  Assistant  Engineer,  Bridge  Department,  Chicago,  Bur- 
lington &  Quincy  Railroad,  LaGrange,  111. 

Theodore  Parker,  Assistant  Engineer,  Chicago,  Burlington  &  Quincy  Railroad, 
Burlington,  Iowa. 

Orriu  W.  Potter,  President  North  Chicago  Rolling  Mill  Co.,  Chicago. 

Ethan  Philbrick,  Assistant  Engineer,  Chicago  &  Alton  Railroad,  Western 
Springs,  111. 

Henry  Raeder,  Architect  and  Engineer,  Chicago. 

Albert  W.  Sullivan,  Division  Superintendent,  Illinois  Central  Railroad,  Cairo, 
111. 

William  Bryant  Throop,  Roadmaster,  Chicago  Division,  Chicago  Burlington  & 
Quincy  Railroad,  Aurora,  111. 

-^4ssociafe.— Marvin  Hughitt,  Second  Vice-President  and  General  Manager,  Chi- 
cago &  Northwesteni  Railway  Company,  Chicago. 

The  Secretary  stated  that,  in  behalf  of  the  Society,  he  had  tendered  to  the  Local 
Committee  of  the  American  Society  of  Mechanical  Engineers  for  the  Convention, 
May  25  to  29,  the  use  of  the  Society's  HaU  as  a  place  of  meeting,  an  excursion  to 
Pullman,  and  one  to  the  Water- Works  crib. 

Mr.  Palmer,  for  the  Local  Committee,  extended  a  cordial  invitation  to  all  mem- 
bers of  the  Western  Society,  and  their  ladies,  to  attend  the  meetings  and  social 
gatherings  of  the  Convention.  It  was  voted  that  the  present  Reception  Com- 
mittee be  discharged  and  that  a  Committee  of  Ten,  the  President  to  be  one  mem- 
ber, be  appointed  to  represent  the  Society  at  the  Convention  and  act  with  its  Local 
Committee. 

An  open  letter,  by  Mr.  S.  S.  Greeley  to  Hon .  R.  P.  Bland,  urging  the  adoption 
of  the  Metric  System,  was  read  and  discussed.  A  bill  from  the  Association  of 
Engineerin<?  Societies,  amounting  to  $109,  being  the  third  installment  of  the 
assessment  of  August  31,  1885,  was  ordered  paid. 

[Adjourned.']  L.  P.  Moorehouse,  Secretary. 

Members  and  their  ladies  are  earnestly  invited  to  attend  the  meetings  of  the 
American  Society  of  Mechanical  Engineers,  May  25  to  29,  in  the  Methodist  Church 
Block,  and  particularly  the  opening  reception  Tuesday  evening,  May  25,  at 
the  Grand  Pacific  Hotel  and  the  excursion  Thursday  to  Pullman,  South  Chicago, 
etc. 

Tickets  to  the  banquet  Wednesday  evenmg  (price  four  dollars)  can  be  obtained 
from  the  Secretary. 

JCNE  1,  1886  :— The  225th  meeting  was  held  at  7:30  p.  m.,  President  Wright  in 
the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Applications  to  be  admitted  to  membership  were  received  from  : 

Sigvald  Udstad,  Mechanical  Draftsman,  C.  &  N.  W.  Ry.,  315  W.  Huron  street, 
Chicago. 

Alva  M  Van  Auken,  Resident  Engineer,  Fremont,  Elkhom  &  Missouri  Valley 
R.  R.,  Fremont,  Neb. 
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Geo.  T.  Wickes,  Mining  Engineer,  Bozeman,  Mont. 

The  following  persons  were  elected  Members : 

Edward  J.    Blake,  Assistant  Engineer,  Chicago,  Biu'lington  &  Quincy  R.  R., 
Chicago. 

Richard  T.  Crane,  Manufacturer  of  Machinery,  369  Washington  boulevard, 
Chicago . 

Albert  "Winfield  Fiero,  Inspector  of  Steel  Rails,  Joliet,  lU. 

William  Raab  Geeting,  CivU  Engineer,  1,460  West  Lake  street,  Chicago. 

Rudolph  Hering,  Chief  Engineer,  Drainage  and  Water  Supply  Commission, 
Chicago. 

Fred  L.  Hill,  Civil  Engineer,  Burlington,  Iowa. 

Charles  B.  Holmes,  President  and  Superintendent  Chicago  City  Railway  Co., 
Chicago. 

William  J.  Hotchkiss,  Assistant  Engineer,  City  Hall,  Chicago. 

Alexander  Edward  Kastl,  Civil  Engineer,  Drainage  and  Water  Supply  Com- 
mission, Chicago. 

Alexander  Kirkland,  Commissioner  of  Buildings,  City  Hall,  Chicago. 

Michael  McDermott,  Civil  Engineer,  2,573  Emerald  avenue,  Chicago. 

Henry  H.  Porter,  President  Chicago  and  Indiana  Coal  Co. ,  Chicago. 

Frederick  C.  Ptossiter,  Surveyor,  1,004  Van  Buren  street,  Chicago. 

Morris  Sellers,  Iron  Master,  514  La  Salle  avenue,  Chicago. 

William  Oscar  Seymour,  Chief  Engineer  C,  W.  &  M.  R.  R.  Co.,  and  C.  &  G. 
W.  R.  R.  Co.,  164  Dearborn  street,  Chicago. 

Charles  James  Vilim,  Leveler,  101  West  Eighteenth  street,  Chicago. 

The  Committee  on  Bridges  presented  a  report  on  the  paper  by  Mr.  J.  F.  Clarke 
referred  to  that  coimnittee. 

The  following  query  was  read  by  the  Secretary  and  referred  to  Committee  on 
Railroads,  Streets,  etc.  : 

"  What  is  the  best  pavement,  or  improved  roadway,  for  a  city  residence  street 
having  a  limited  amount  of  travel  ?  " 

Mr.  Liljencrantz  read  a  paper  on   "  The  Stadia  Rod." 

Mr.  Wright,  Mr.  Cregier  in  the  chair,  read  a  paper,  "  Organization  of  Sur- 
veying Party  " 

[Adjourned.'i  L.  P.  Morehouse,  Secretary, 

Members  who  desire  to  obtain  the  engraved  Certificate  of  Membership  issued 
by  the  Society  are  requested  to  communicate  with  the  Secretary,  giving  full 
name  to  be  inserted. 

Members  are  earnestly  requested  to  correspond  with  the  Secretaiy,  or  the 
proper  Standing  Committees,  volunteering  papers,  discussions  of  published  papers, 
or  queries  on  professional  topics. 

The  Standing  Committees  are  urged  to  provide  papers,  discussions,  or  queries, 
on  the  respective  topics  assigned  to  them. 
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March  1,  1886: — The  regular  monthly  meeting  of  the  Society  was  called  to 
order  in  the  City  Engineer's  oflSce  at  8:30  p.  m..  President  Morris  in  the  chair; 
ten  members  present. 

The  minutes  of  the  last  regular  meeting  read  and  approved. 

Report  of  the  Committee  on  Rooms  was  received  to  the  effect  that  the  next 
meeting  could  probably  be  held  in  the  rooms  of  the  Public  Library. 

It  was  moved  and  carried  that  in  case  the  arrangements  for  future  meetings  in 
the  Library  rooms  were  completed  before  the  next  meeting,  the  Librarian  be 
authorized  to  i)urcbasi'  a  ".;oo';-  asf>  and  place  the  books  of  the  Society  in  it,  in  the 
rooms  obtained. 
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Report  of  the  Treasurer  for  1885  was  read,  and  the  books  referred  to  the  Audi- 
tor for  examination  and  transfer  to  new  Treasurer. 

Upon  inotiou  of  the  Cliairuiau  of  Committee  on  National  Public  Works,  the 
Society  voted  to  send  thirty -tlve  dollars  to  the  Executive  Board  of  the  National 
Conunitt^^e  in  reix)nse  to  circular  No.  9  from  Executive  Board  of  said  Committee. 

The  applications  of  the  following  gentlemen  for  admission  to  the  Society  were 
received  and  uoti  ce  given  : 

C.  C.  Wrenshall,  Albert  H.  Hogiland,  H.  Fernstrom,  Howard  Thomas. 

The  vote  accepting  the  resignation  of  Mr.  Lewis  was  reconsidered,  and  upon 
motion  it  was  not  accepted.  His  application  to  be  classed  as  Non-Resident  Member 
was  then  read  and  voted  as  in  accordance  with  Art.  17  of  the  Constitution. 

By-law  No.  1 1  was,  upon  ballot  being  taken,  added  to  the  former  list  of  B}'- 
laws. 

The  Secretary  was  ordered  to  have  200  copies  of  the  Constitution  printed  in 
pamphlet  form.  Also  the  Librarian  was  instructed  to  have  the  Journal  of  the 
Association  and  the  proceedings  of  the  American  Society  of  Civil  Engineers 
bound. 

The  President  then  read  the  following  list  of  committees  as  appointed  for  the 
ensuing  year  : 

Membership  :  H.  W.  Elmer,  C.  F.  Loweth,  F.  T.  Hampton. 

Library :  Wm.  H.  Wood,  L.  W.  Rundlett,  W.  A.  Truesdell. 

Railroads:  C.  L.  Annan,  N.  D.  Miller,  H.  A.  Swenson,  C.  W.  Johnson,  R.  E. 
Hilgard . 

Bridges  and  Roofs  :  C.  F.  Loweth,  C.  C.  Wrenshall,  A.  Hogiland. 

Water  Supply  and  Drainage  :  L.  W.  Rundlett,  A.  R.  Starkey,  R.  Davenport, 
Phil.  Buechner,  J.  B.  Parkinson. 

River  Improvement :  H.  E.  Stevens,  J.  L.  Gillespie,  J.  H.  Morrison. 

Mechanical  Engineering  :  Phil.  Buechner,  W.  F.  Newell,  W.  S.  Morton. 

Materials  of  Construction :  W.  A.  Truesdell,  F.  Lewis,  J.  Grondel,  Randell 
Himt,  A.  Munster. 

Streets,  Roads  and  Pavements  :  S.  Rockwell,  F.  M.  Tower,  W.  A.  Somers, 
O.  H.  Hofifman. 

[Adjoui^ed.'i  Geo.  L.  Wilson,  Secretary. 

March  22,  1886: — A  special  meeting  of  the  Society  was  called  by  the  President 
to  consider  and  discuss  (Circular  No.  11)  the  action  to  be  taken  by  the  S!)ciety's 
representative  at  the  Convention  of  the  Civil  Engineers'  Committee  on  National 
Public  Works,  to  be  held  in  Cleveland,  March  31. 

The  meeting  was  called  to  oi'der  by  President  Morris,  seven  members  being 
present,  and  C.  C .  Wrenshall,  Esq. ,  as  guest  of  the  Society.  After  the  members 
present  had  expressed  their  views  in  regard  to  the  proper  course  to  be  taken  at  the 
coming  convention,  it  was  moved  and  carried  that  Mr.  Charles  F.  Loweth  go  to 
Cleveland  as  the  representative  of  this  Society. 

lAdjourned.}  Geo.  L.  Wilson,  Secretary. 

April  5,  1886: — The  regular  monthly  meeting  of  the  Society  was  called  to 
order  at  8:30  P.  M. 

On  account  of  the  absence  of  the  President  and  Vice-President,  Mr.  L.  W.  Rund- 
lett was  chosen  chairman  of  the  meeting. 

Minutes  of  the  last  regular  meeting  and  the  special  meeting  of  March  22  were 
read  and  approved. 

The  communication  from  Geo.  T.  Prince  tendering  his  resignation  was  read  and 
the  resignation  accepted. 

On  separate  ballots  being  taken  the  following  persons  were  elected  to  member- 
ship in  this  Society  : 

C  E.  Wrenshall,  Howard  Thomas,  H.  Feinstrom,  A.  H.  Hogiland. 
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Thatcher's  calculating  machine  was  exhibited  to  the  Society  by  H.  N.  Elmer, 
and  its  use  tested  by  two  of  the  members  present,  the  remainder  checking  the  ma- 
chine results  as  to  accuracy  and  speed,  somewhat  to  the  disadvantage  of  the 
machine,  as  to  speed,  etc.  It  was  the  opinion  of  those  present,  however,  that  with 
a  proper  amount  of  practice  the  machine  was  a  time  and  labor  saving  invention 
for  many  kinds  of  calculation. 

lAdjoumecl].  Geo.  L.  Wilson,  Secretary. 

May  3,  1886  : — The  regular  monthly  meeting  of  the  Society  was  called  to  order 
shortly  after  8  p.  m..  President  Morris  in  the  chair,  eight  Members  present. 

Minutes  of  the  last  regiilar  meeting  read  and  approved. 

The  report  of  the  Delegate  of  the  Society  to  the  Convention  of  Civil  Engineers 
in  Cleveland,  Mr.  Chas.  Loweth,  was  read  by  the  Secretary,  Mr.  Loweth  being 
absent,  and  upon  vote,  the  i-eport  was  accepted  without  discussion. 

The  application  of  J.  A .  Case,  C.  E. ,  was  received  and  notice  given  that  ballot 
for  membership  would  be  taken  at  next  regular  meeting.  Upon  separate  ballots 
being  taken  Mr.  Archibald  Johnson,  U.  S.  Asst.  Engr.,  and  Col.  A.  J.  Merrill 
were  elected  to  membership  in  the  Society. 

Mr.  C.  L.  Annan  presented  the  subject  of  calculating  earth- work  by  means  of 
Wellington's  diagrams,  as  practiced  by  the  C. ,  B.  &  N.  Railway  Co. ,  and  illus- 
trated his  remarks  very  clearly  by  a  set  of  diagrams  which  he  presented  to  the 
Society.  After  some  informal  discussion  of  the  subject  of  earth- work  calculation, 
a  vote  of  thanks  to  Mr.  Annan  was  passed  unanimously. 

[Adjour7iecl.'\  Geo.  L.  Wilson,  Sec'y. 


Editors  reprintinri  urticlfs /ro»i  tliisjouriiul  iirt 
requested  to  credit  both  the  Journal  and  the 
Society  before   which  such  iirticles  were  read. 
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for  statements  or  opinions  of  any  of  its  members. 
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By  AV.  a.  Tucesdell.  Member  of   the  Civil  Engineers'  Society  of  St. 

Paul. 
[Read  October  5,  1885.] 


When  the  Seventh  street  improvement  was  commenced  in  the  sjjring 
of  1888.  it  had  been  decided  to  make  the  Phalen  Creek  crossing  an  earth 
embankment,  and  the  work  in  its  details  was  to  be  done  on  that  general 
plan.  This  embankment  was  to  be  66  feet  wide  on  the  top,  the  full 
width  of  the  street,  and  640  feet  long,  from  bluff  to  bluff.  The  greatest 
depth  in  the  valley  was  86  feet  below  grade.  The  filling  up  of  this  valley 
would  requii'e  a  culvert  320  feet  long  for  Phalen  Creek  and  a  stone  arch 
bridge  at  the  crossing  of  the  St.  Paul  &  Duluth  Railroad.  A  description 
of  the  last  structure  as  it  was  built,  and  a  history  of  its  construction,  is 
the  object  of  this  paper. 

The  right  of  way  of  the  Duluth  road  was  70  feet  in  width,  and  the 
angle  of  intersection  with  Seventh  street  was  63'  28".  For  this  reason 
an  oblique  or  skew  bridge  would  be  required,  with  an  obliquity  as  near 
to  the  above  angle  as  possible.  The  vertical  distance  from  the  railroad 
track  to  the  grade  of  the  street  above  was  not  sufficient  to  span  the  right 
of  way  with  one  arch,  as  sewer,  water  pipes,  etc.,  would  have  to  be  built 
eventually  above  the  arch.  After  conferring  with  the  authorities  of  the 
St.  Paul  &  Duluth  R.  R.  Co.,  it  was  decided  to  cover  the  70  feet  with  two 
arches,  one  of  27  feet  and  the  other  37  feet  direct  span,  reserving  about 
6  feet  for  a  centre  pier.  This  gave  track  room  for  five  tracks,  two  pas- 
senger tracks  through  the  small  arch,  and  three  for  freight  traffic  through 
the  larger  arch. 

On  this  agreement,  plans  were  prepared  and  specifications  drawn  up 
during  the  months  of  June  and  July,  1883,  and  on  the  27th  of  August 
following  the  contract  for  building  the  whole  structure  was  awarded  to 
Mr.  M.  O'Brien,  contractor,  of  St.  Paul.  Before  the  work  had  been 
commenced,  this  contract  was  modified  by  resolution  of  the  City  Coun- 
cil, and  with  Mr.  O'Brien's  consent,  so  as  to  include  only  that  part  of 
the  structure  up  to  the  springing  lines  of  the  arches.  The  remainder  of 
the  work  was  to  be  included  with  the  other  work  of  the  Seventh  street 
improvement,  the  contract  for  which  was  soon  to  be  let. 
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In  designing  these  arches,  it  was  an  earnest  endeavor  to  keep  the  cost 
as  low  as  possible,  and,  at  the  same  time,  a  substantial  structure  was 
required.  It  was  a  question  of  great  importance  at  this  time  what 
method  of  building  an  oblique  arch  to  adopt.  Every  known  method  of 
constructing  sucli  a  bridge  was  duly  considered.  Nothing  of  the  kind 
had  ever  been  built  in  this  western  country.  Very  few  of  our  masons  in 
St.  Paul  had  ever  seen  one,  and  no  one  knew  anything  about  the  stone- 
cutting  necessary.  All  of  them  would  consider  it  an  expensive  under- 
taking.    At  most  it  was  entering  on  an  untried  field  of  operations. 

The  ribbed  arch  plan  was  first  considered,  and  then  rejected.  Such  a 
structure  would  have  been  unstable  for  this  locality  on  account  of  the 
great  weight  of  earth  the  arches  would  have  to  sustain.  The  stones  of 
one  rib  could  not  be  bonded  into  those  of  the  next  rib.  In  such  arches  it 
is  often  necessary  to  insert  iron  tie-rods  along  the  crown  to  hold  the  ribs 
together.  Nothing,  probably,  would  have  been  saved  in  the  stone-cut- 
ting. 

The  logarithmic  method,  or  perhaps  what  had  better  be  called  the 
French  method,  is  the  strongest  oblique  arch  that  could  be  built.  The 
joints  near  the  ends  of  the  arch  are  nearly  parallel  to  the  springing  line. 
But  the  voussoirsof  such  an  arrh  could  never  have  been  cut  in  this  local- 
ity. It  would  have  required  a  great  number  of  patterns  and  the  cost  of 
such  a  work  would  have  been  beyond  all  consideration.  This  method 
was  too  expensive  and  impracticable  to  be  adopted. 

It  M'as  finally  decided  to  adopt  the  helicoidal  method,  or  the  English 
style  of  an  oblique  arch,  as  it  appeared  to  be  the  least  difficult  and  expen- 
sive to  construct  of  any  of  the  known  methods.  These  are  quite  common 
in  England  and  Scotland,  but  very  few  have  ever  been  built  in  this 
country.  In  this  stj'le  of  an  oblique  arch  the  voussoirs  are  laid  in  sjiiral 
courses,  parallel  with  each  other,  and  are  of  one  size  and  shape  tlirough- 
out  the  whole  arch  except  the  ring  stones.  One  set  of  patterns  answers 
for  all  of  the  voussoirs,  and  when  the  stone-cutters  are  once  taiight  to  cut 
a  stone  no  further  difficulty  is  encountered. 

The  theory  of  the  helicoidal  method  is  this  :  The  beds  of  the  voussoirs, 
or  rather  the  bed  of  any  one  course,  is  a  helicoid  or  a  warped  surface, 
generated  by  a  straight  line  which  intersects  the  axis  of  the  arch,  and  is 
continually  at  right  angles  with  it,  and  which  moves  uniformly  along 
that  axis  and  at  the  same  time  revolves  uniformly  around  it.  The  inter- 
section of  any  one  of  these  warped  surfaces  with  the  soffit  of  the  arch  is 
a  curve  known  in  mathematics  as  the  helix,  and  is  called  in  practice  a 
coursing  joint.  The  joints  which  separate  the  stone  in  a  course  from 
each  other  are  called  "  heading  joints,*'  and  are  portions  of  warped  heli- 
coids.  On  the  soffit  of  the  arch  they  are  at  right  angles  to  the  coursing 
joints.  The  soffit  of  the  voussoir  is,  therefore,  a  rectangle,  but  this  is 
not  true  on  the  extrados  of  a  voussoir.  There  the  angles  vary  consider- 
ably from  right  angles.  A  right  section  of  such  an  arch  must  always  be 
circular,  either  semi-circular  or  segmental.  But  the  arch  is  really  ellipti- 
cal, because  the  beds  of  the  stones  are  approximately  at  right  angles  with 
the  line  of  thrust,  which  would  act  parallel  or  nearly  so  to  the  face  of  the 
arch. 

This  was  the  method  adopted  for  the  Duluth  viaduct,  and  both  arches 
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were  pliiiiiieil  on  tliiit  priiuiplo.  These  plans  were  for  two  arches,  one 
for  27  fei  t  and  the  other  for  37  feet,  direct  span.  The  angles  of  oblifiuity 
were  03°  4i)  and  63  40'.  Oblique  st)ans  were  30  fe6t  and  1  inch,  and  41 
feet  and  3i  inches.  Each  arch  was  to  be  124  feet  and  7  inches  in  length, 
both  of  them  full  centre  arches,  the  springing  line  of  the  small  one  3  feet 
and  4  nches  above  that  of  the  larger  one.  The  arch  rings  were  2  feet 
and  2  feet  4  inches  deep.  The  east  abutment  was  7  feet  and  3  inches 
thick  a"  the  springing  line,  the  centre  pier  6  feet,  and  the  west  abutment 
6  feet  and  1  inch,  the  total  width  of  structure  83  feet  and  4  inches.  The 
spandrtl  backing  was  raised  10  feet  above  the  springing  line  of  tlie  small 
arcli  and  13  feet  and  0  inches  over  that  of  the  large  one.  Wing  walls 
were  ro  be  built  on  eacii  end  of  the  east  and  west  abutments.  These  varied 
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from  47  feet  to  58  feet  in  length  and  from  30  feet  to  37  feet  in  heiglit  above 
the  grade  of  the  railroad.  The  parapet  walls  were  lo  be  each  96  feet  long 
and  carried  up  4  feet  above  the  crown  of  each  arch.  The  height  of  parapet 
walls  above  track  is  36  feet.  The  coping  stone  surmounting  the  parapet 
wall  was  laid  parallel  with  the  street  grade  above,  which  was  4  feet  and 
10  inches  per  one  hundred  feet.  The  springing  lines  were  horizontal, 
but  the  railroad  tracks  descend  through  the  arches  at  a  grade  of  2  feet 
per  one  hundred.  The  viaduct  was  subsequently  built  according  to 
these  plans,  with  slight  alterations  made  as  the  work  progressed. 

On  September  6,  the  old  Seventh  street  trestle  was  closed  to  travel, 
five  bents  of  it  removed,  and  the  excavation  for  the  east  abutment  com- 
■menced.  Pile-driving  for  the  foundation  commenced  September  27,  and 
•was  completed  on  November  3.  On  the  10th  of  November,  the  con- 
tractor commenced  laying  stone,  and  the  work  continued  during  the 
winter,  with  interruptions  at  different  times  on  account  of  cold  weather, 
until  the  following  spring,  when  the  east  abutment,  with  its  two  wing 
walls,  was  completed  up  to  the  springing  line  on  April  20.  Meanwhile,  the 
excavation  of  the  west  abutment  had  been  made  and  the  laying  of  stone 
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commenced  April  9,  and  was  completed,  with  the  two  wing  walls,  early 
in  May.  Two  railroad  tracks  at  that  time  occupied  the  present  position 
of  the  centre  pier  ;  one  of  them  was  removed,  and  the  other  thrown  over 
near  to  the  west  abutment.  The  pit  for  the  centre  pier  was  then  exca- 
vated, the  sheet  piling  driven  on  each  side  to  prevent  sliding  of  the  ma- 
terial, and  on  May  24  the  masonry  was  commenced  and  completed  on 
June  6.     This  finished  the  work  under  Mr.  O'Brien's  contract. 

The  west  abutment  and  centre  pier  were  built  directly  on  earth  foun- 
dations of  a  firm  gravel  and  sand,  with  wide  footing  cour.ses.  Each 
foundation  is  5  feet  below  the  present  grade  of  the  railroad  tracks  at 
the  south  end,  and  7i  feet  at  the  north  end.  Tliis  depth  was  considered 
below  the  action  of  frost. 

The  foundation  of  the  east  abutment  was  about  18  feet  below  the  other 
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two,  and  at  places  was  soft,  and  at  others  hard  and  firm,  but  wet  for  its 
whole  length.  The  masonry  of  this  abutment  was  built  directly  on 
piles. 

The  whole  work  so  far  was  built  of  St.  Paul  limestone.  Louisville 
cement  mostly  was  used  in  the  mortar.  The  masonry  was  very  heavy. 
Most  of  the  courses  were  16  inches  and  18  inches  thick,  some  of  them  20 
inches  and  22  inches  thick.  No  course  less  than  12  inches  thick  was 
allowed.  The  back  of  each  abutment  was  built  as  substantial  as  the 
front,  and  no  stone  was  laid  in  any  course  of  less  depth  than  the  thick- 
ness of  that  course. 

The  centre  pier  was  built  after  the  Flemish  style  of  masonry.  Each 
header  extends  through  the  wall  and  is  underlaid  and  overlaid  by  two 
stretchers,  the  width  of  the  two  stretchers  being  equal  to  the  thickness 
of  the  wall.  Each  stretcher  abuts  at  each  end  against  a  through  header. 
Very  little  filling  was  allowed. 

Throughout  the  whole  work  the  contractor  did  everything  in  a  sub- 
stantial manner.  The  total  amount  of  masonry  in  Mj-.  O'Brien's  con- 
tract was  3,567  cubic  yards,  including  the  concrete. 
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Drawings  o(  the  pattorns  for  stone-cutting  had  been  made  the  previous 
winter,  and  the  patterns,  or  most  of  them,  made  by  the  American  Manu- 
facturing Company,  at  their  shops  in  St.  Paul.  These  templates  and 
bevels  were  lOo  in  number,  and  were  made  of  iron,  wood,  zinc  and  paper. 
Those  that  were  to  be  used  continuously  were  made  very  solid  of  iron 
and  woixl.  Tlmse  used  once  or  twice  only  were  of  paper.  Duplicates 
of  tlicseused  the  most  were  afterwards  made,  so  that  from  25  to  30  work- 
men could  ne  kcjit  at  work  continuously  in  the  qu;nry. 

Tlie  only  ditticuK  y  nut  with  in  cutting  the  voussoirs  and  itni'ost  stones 
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was  at  the  commencement  of  the  work,  and  was  in  making  the  stone- 
cutters understand  the  importance  of  accurate  and  careful  work  with 
the  patterns  instead  of  the  ordinary  work  to  which  they  had  been  accus- 
tomed. This  was  overcome  by  placing  an  intelligent  and  trustworthy 
foremen  in  charge  of  all  stone-cutters,  and  fi'oni  that  time  afterwards  all 
work  was  done  in  a  first-class  manner.  To  Mr.  Thomas  Russell,  the 
foremen  in  charge  at  Mankato,  great  credit  is  due  for  the  successful 
manner  in  which  he  performed  his  work.  Every  stone  was  accurately 
tested  with  a  set  of  templates  and  bevels  made  for  that  purpose  exclu- 
sively before  it  was  shipped  to  St.  Paul. 


32S  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

The  McArtliur  Brothers,  of  Chicago,  under  their  contract  for  the 
improvement  of  Seventh  street,  continued  the  work  from  where  Mr. 
O'Brien  left  it,  and  in  July  commenced  laying  the  impost  stones.  After 
these  were  laid  for  both  arches  three  courses  of  voussoirs  were  laid  on 
the  centre  pier,  two  on  the  east  side,  and  one  on  the  west,  and  the  back- 
ing put  in  between  them  in  order  to  obtain  room  for  two  derricks,  with 
which  the  whole  work  could  be  reached.  The  centring  for  the  pmall 
arch  was  tlien  put  up  and  the  voussoirs  laid  as  rapidly  as  possible,  while 
the  centring  for  the  large  arch  was  placed  in  position.  This  was  com- 
pleted on  the  t3th  of  September,  and  thereafter  the  work  of  laying  the 
voussoirs  was  carried  on  over  each  arch,  simultaneously,  until  October 
14,  when  the  last  one  was  laid  in  the  large  arch. 

The  spandrel  backing  was  carried  up  at  first  with  the  voussoirs  over 
each  abutntent  and  centre  pier.  The  remainder  of  the  stone  work  was 
then  hurried  to  completion.  The  backing  was  completed,  the  wing  walls 
and  spandrel  walls  built,  both  arches  were  plastered  over  with  concrete 
three  inches  thick,  and  the  coping  stone  laid.  A  dry  wall  three  feet 
thick  was  then  built  back  of  each  spandrel  wall  to  relieve  the  spandrels 
from  the  eartli  pressure. 

The  masonry  of  the  viaduct  was  completed  on  the  25th  day  of  Novem- 
ber. A  trestle  was  then  built  over  both  arches,  dump  cars  run  over 
from  the  adjacent  embankment,  and  the  Phalen  Creek  fill  extended 
over  the  whole  work.  The  first  teams  passed  over  the  viaduct  and  the 
e.itira  Seventh  street  fill,  on  the  18th  day  of  December. 

That  part  of  the  work  built  by  McArthur  Brothers,  except  the  wing  walls, 
was  constructed  of  Mankato  stone,  from  the  Empire  stone  ledge  of  W.  D. 
Craig  &  Co.  Utica  cement  was  used  until  cold  weather,  when  Louis- 
ville was  substituted.  The  arch  stones  were  laid  in  mortar  composed  of 
one  measure  of  Utica  cement  mixed  with  one  of  sand.  There  were  1,764 
voussoirs  and  impost  stones  in  both  arches,  and  all  of  these  were  quarried 
and  cut  in  Mr.  Craig's  Mankato  quarry  in  three  months'  time.  This  fact 
speaks  well  for  the  capacity  of  that  quarry.  Only  about  one-fovirth  of 
the  stone  quarried  was  suitable  for  these  voussoirs,  the  remainder  was 
used  in  other  parts  of  the  work  and  in  the  Trout  Brook  masonry. 

There  is!  in  voussoir  and  impost  stones  1,122  cubic  yards  of  masonry.  In 
the  whole  work  there  are  3.474  cubic  yards  of  Mankato  stone.  The  span- 
drel backing  contains  1,026  cubic  yards. 

Oblique  arches  are  often  built  of  hard  burnt  brick,  with  the  ends  only 
of  cut  stone,  and,  of  course,  at  much  less  cost.  It  was  not  deemed  ex- 
pedient to  construct  the  Seventh  street  arches  in  this  manner,  on  account 
of  the  great  weight  of  earth  with  which  they  were  to  be  loaded.  Some- 
thing enduring  and  substantial  was  required.  The  extra  cost  of  stone 
over  brick  was  money  judiciously  expended. 

It  is  probably  the  general  oi^irion  of  the  public  hat  these  arches  have 
been  an  expensive  undertaking.  On  account  of  the  apparent  difficulty 
of  cutting  the  stone,  the  idea  prevails  that  to  build  arches  of  this  kind 
must  necessarily  require  a  greater  outlay  of  expense  than  if  they  were 
right  arches.  I  wish  to  contradict  this  idea.  With  the  contractors  of 
the  Seventh  street  work,  the  stone-cutting  was  neither  difiicult  nor  ex- 
pensive.    The  Seventh  street  improvement  embraced  quite  a  number  of 
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different  classes  of  u-ork  in  f;iven  ([uantilies,  ami  tiie  whole  ini])rovenient 
was  perfornu'd  for  a  stated  price.  For  tliis  reason,  tlie  exact  cost  of  the 
viaduct  alone  to  the  city  is  not  easily  obtained.  Wliatever  information 
I  possess  on  this  subject  is  the  jn-ojierty  of  the  contractors  and  cannot  be 
mentioned  here.  I  wish  merely  to  state  that  any  excessive  cost  in  the 
Seventh  street  arches  does  not  exist.  This  probablj-  could  not  be  done 
again,  but  is  true  in  this  instance.  The  two  arches  have  cost  no  more 
than  two  right  arches  would  have  done  for  the  same  locality. 

During  the  progress  of  the  work  the  traffic  on  the  St.  Paul  and  Duluth 
Railroad  was  not  in  any  way  obstructed.  The  centring  was  raised,  all 
the  voussoirs  laid,  and,  in  fact,  the  wliole  work  constructed  with  trains 
and  switch  engines  continually  passing  and  repassing  under  the  arches. 

Each  centre  was  built  "  cocket,"' as  there  was  a  track  through  each 
arch.  The  ribs  were  made  entirely  of  two-inch  plank,  and  were  5  feet  4 
inches  apart  in  the  small  arch,  and  4  feet  in  the  large  one.  The  ribs 
were  supported  by  plates  6  inches  by  12  inches,  extending  along  the 
springing  lines,  and  these,  in  turn,  supported  by  vertical  posts  8  inches 
by  10  inclies  reaching  to  the  footings  of  the  masonry.  The  ribs  wei'e  put 
together  close  at  hand  and  raised  to  their  position  with  the  derricks. 
They  were  placed  at  right  angles  to  the  axes  of  the  arches.  There  was 
consumed  in  these  centres  over  135.000  feet  B.  M.  of  timber.  They  were 
designed  b3-  Mr.  Jas.  McArthur.  one  of  the  contractors.  During  the  prog- 
ress of  laying  the  voussoirs,  not  the  slightest  settlement  in  either  was  no- 
ticeable. The  lagging  was  3  inches  by  6  inches,  timbers  16  feet  long,  thor- 
oughly spiked  to  the  ribs  and  planed  on  the  upper  surface.  On  this  lag- 
ging the  coursing  joints  were  all  marked  from  the  impost  of  one  side 
over  the  lagging  to  the  other  impost.  It  would  have  been  impossible  to 
have  laid  the  voussoirs  without  this  precaution.  On  these  lines  strips 
one-half  inch  by  two  inches  were  nailed,  and  on  these  strips  the  coursing 
joints  were  again  drawn.  The  faces  of  both  arches  were  also  drawn 
across  the  lagging.  These  lines  were  guides  for  the  masons  in  bedding 
the  stones,  care  being  taken  to  make  the  joints  alwajs  correspond  with 
the  line.  The  voussoirs  were  not  laid  by  courses,  but  in  horizontal  rows 
from  one  end  of  the  arch  to  the  other,  both  sides  brought  up  at  the  same 
time  :  when  the  last  row  of  keystones  was  put  in,  it  fitted  to  its  place 
and  was  grouteJ  with  mortar  made  very  rich  with  cement. 

The  total  amount  of  work  done  under  the  two  contracts  is  as  follows  : 

Earth  e-iccavation 7,172  cub.  yds. 

Pilin- 3,487  iin.  ft. 

Concrete 168  cub.  j-ds. 

Masonry  in  east  abutment 1,222 

Masonry  in  west  abutment  588    " 

Masunry  in  centre  pier 586 

Ma>nnry  in  uinLC  walls 1,437 

Ma>nnry  in  arches 1,122 

Ma-  mry  in  spandrel  backing 1.02(i 

Ma>i  mry  in  spandrel  walls 326     " 

Plastt-ring  on  arcbes 635  sq. 

Total  amount  of  masonry  in  the  whole  structure,  6.528  cubic  yards. 

There  are,  in  the  smaller  arch.  62  impost  stones  and  754  voussiors. 
These  voussoirs  are  all  of  the  same  size,  except  the  ring  stones,  and  are 
5  feet  8*  inches  in  length,  and  2  feet  deep,  and  contain  14.x  cubic  feet. 
Each  one  weighs  1.15  tons.     The  large  arch  has  48  impost  stones  and  900 
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voussoirs.  The  voussoirs  are  of  different  lengths  near  the  springing  lines, 
after  which  they  are  all  of  the  same  size,  4  feet  11  inches  long  and  3  feet 
4  inches  deep.  Each  one  weighs  one  and  a  half  tons.  All  voussoirs  and 
impost  stones  are  bush  hammei'ed  on  the  soffit.  The  embankment  over 
each  arch  is  18  feet  deep.  The  greatest  pressure  on  any  part  of  the  work 
is  at  the  skew-backs  of  the  large  arch,  where  it  is  170  pounds  per  square 
inch. 

After  the  whole  work  was  completed,  the  centres  were  allovi'ed  to 
aremin  in  place  during  all  of  the  past  winter  until  May,  when  both  of 
them  were  struck  and  the  timbers  removed.  Each  rib  was  loosened  so 
easily  that  it  seemed  to  indicate  that  the  arches  had  been  to  a  great 
extent  supporting  themselves.  This  was  pi-obably  due  to  the  shrinkage 
of  the  timber  during  the  six  months  that  it  had  remained  in  place. 

It  is  advocated  by  some,  that  centres  should  be  struck  as  soon  as  the 
stone  work  over  them  is  completed.  The  experience  with  these  arches 
appears  to  prove  the  contrary,  and  that  the  safest  plan  is  to  keep  them 
in  place  as  long  as  possible. 


ANNUAL   ADDRESS. 


By  J.  F.  HoLLowAY,  President  Civil,  Engineers'  Club  op  Cleveland. 
[Delivered  March  13,  1886.] 


I  shall  occupy  the  time  at  my  disposal  in  attempting  to  say  something 
about  the  "  Engineer  and  what  he  has  accomplished." 

I  find  myself  at  the  beginning  embarrassed  by  the  difficulty  of  giving 
a  satisfactory  definition  of  the  term,  engineer,  even  the  name  of  our 
association  is  to  some  extent  a  misnomer.  While  its  title  is  the  "  Civil 
Engineers'  Club,"  its  constitution  gives  as  the  object  of  its  organization 
"  the  encouragement  of  social  intercourse  among  men  of  practical  science 
and  the  advancement  of  engineering  in  its  several  branches,"  and  it  also 
provides  that  its  "  members  shall  consist  of  persons  who  are  or  have  been 
engaged  as  civil,  mechanical  or  mining  engineers,  architects,  astrono- 
mers, geologists  or  aisalytical  chemists  and  other  persons  engaged  in 
scientific  pursuits."  Comprehensive  as  is  this  list  of  persons  who  are 
eligible  to  its  membership,  it  by  no  means  includes  all  of  the  recognized 
branches  of  engineering  or  of  engineers.  If,  years  ago,  when  engineer- 
ing was  far  less  comprehensive  in  its  scope,  when  it  was  confined  within 
comparatively  close  limits,  it  puzzled  the  ablest  lexicographers  to  clearly 
define  its  meaning,  how  much  more  difficult  must  it  be  to  do  so  now, 
since  the  engineer  has  invaded  so  many  pursuits  which  hitherto  got  on 
very  well  without  him. 

That  there  were  engineers  long  ages  ago  is  testified  to  by  the  ruined 
structures  still  to  be  seen  ;  structures  for  whose  formation  there  was  need 
of  carefully  prepared  plans  and  carefully  constructed  appliances.  Tlu-ee 
thousand  years  before  the  Christian  era  began,  in  that  wonderland  of  the 
past,  Egypt,  engineers  planned  and  built  an  artificial  reservoir  which,  for 
vastness,  has  never  yet  been  equaled.  For  its  i^rotection  there  was  built  a 
wall  of  masonry  40  feet  high,  30  feet  wide  and  27  miles  long  ;  within  it 
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were  numerous  gates  connecting  with  cliannels  througli  which  iu 
times  of  flood,  the  waters  of  tlie  Nile  were  turned  aside  to  be  returned 
again  in  times  of  drought,  through  irrigating  canals  that  made  that  now- 
desert  land  to  blossom  as  the  rose.  The  first  signal  station  of  which  we 
have  any  record,  was  a  nileometer  placed  in  the  far  away  sources  of  that 
historic  stream,  to  give  warning  of  the  coming  flood  in  time  to  prepare 
for  its  storage.  The  stead}',  onward  tread  of  those  Roman  legions  which 
once  made  Rome  mistress  of  tlie  «orld  was  made  possible  by  the  labors 
of  the  sagacious  and  skillful  engineers,  who  built  for  them  imperishable 
roadways,  spanned  rivers  with  bridges  which  are  marvels  to-day,  aud 
who  laid  so  deep  and  so  permanent  their  foundations  in  the  then  far  off 
'•  Isles  of  tlie  Sea"'  that  the  engineer  of  the  present,  as  he  excavates  for 
his  railways  aud  buildings,  often  reaches  the  embedded  stone  or  crown- 
ing arch  laid  by  his  professional  brother  thousands  of  years  ago. 

The  more  modern  engineering,  as  it  has  existed  in  the  one  hundred  or 
so  years  past,  has  been  in  the  main  confined  to  that  class,  known  as  civil 
engineering,  and  which  embraces  the  location  and  construction  of  fixed 
public  works,  such  as  roads,  canals,  bridges,  aqueducts,  breakwaters, 
dams,  sewers,  docks,  etc. 

But  most  wonderful  changes  have  taken  place  within  the  last  50  years 
or  so.  The  rapid  progress  made  in  arts  and  science,  largely  due  to  what 
engineers  had  previously  accomplished,  have  so  widened  the  scope  of  en- 
gineering that  it  has  been  necessary  to  add  numerous  other  branches, 
and  subdivisions.  Tlie  impetus  given  to  commerce,  agriculture,  and 
indeed  to  all  industrial  pursuits,  by  the  invention  or  at  least  the  improve, 
ments  in  the  steam  engine,  has  made  a  necessity  for  a  bi-anch  of  engi- 
neering, now  known  as  mechanical  engineering;  and,  so  great  is  this  field 
of  engineering,  so  wide  its  range  of  usefulness,  that  it  has  become  neces- 
sary tu  sub-divide  it  into  specific  branches,  such  as  steam,  hydraulic, 
agricultural,  sanitary,  gas,  electrical,  and  other  engineering;  each  of 
which  has  now  assumed  such  importance  as  to  require  the  especial 
training  of  engineers  to  master  its  difficulties.  The  wonderful 
imi)rovements  in  the  production  of  metals  recently  made,  and  espe~ 
cially  of  iron  and  steel,  and  their  substitution  for  wood  and  stone  of 
late  \-ears  has  greatly  enlarged  the  province  of  the  mechanical  engineer. 
In  many  stnictures  of  the  present,  where  previously  only  the  architect? 
the  mason  and  the  carpenter  would  have  been  called  upon,  now  that  iron 
and  steel,  iu  one  form  or  another  enter  so  largely  into  their  construction' 
the  mechanical  engineer  and  his  machine  appliances  are  of  necessity 
called  in  to  assist  in  their  erection. 

Michael  Angelo,  that  prince  of  painters  and  architects,  whose  fame  in 
many  ways  has  come  down  to  us  from  out  the  past,  and  whose  magnifi- 
cent dome  of  St.  Peter's,  which,  since  its  completion  hundreds  of  years 
ago,  has  challenged  the  admiration  of  the  world,  would  have  found  but 
slight  use  for  an  engineer  in  his  day,  and  little  did  he  dream  that  the 
time  would  come,  as  it  did,  when  the  services  of  the  mechanical  engineer 
would  be  called  in  to  save,  with  his  bands  of  iron  and  steel,  from  destruc- 
tion the  structure  he  had  rebuilt  and  of  which  Lord  Byron  speaks  as, 
"That  vast  and  wonderous  dome,  to  %vhich  Diana's  marvel  was  a  cell," 

In  the  construction  of  modern  buildings,  both  for  public   and   private 
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use,  tbe  services  of  the  engineer  is  now  most  needful.  If  the  structure 
is  wholly  of  iron,  it  is  almost  his  province  alone  to  plan  and  construct  it, 
and  if  it  is  to  be  of  iron,  brick  and  stone,  his  judgment  is  no  less  valuable 
in  its  plan  than  in  its  construction.  The  questions  of  heating,  ventilation 
and  drainage  have  of  late  years  assumed  an  importance  sufficient  to 
warrant  the  establishment  of  the  profession  of  the  sanitary  engineer,  and 
the  mechanical  engineer,  m  addition  to  what  he  may  have  to  do  with  the 
structure  itself,  is  also  called  vipon,  to  supply  it  with  steam  boilers  and 
engines,  with  liydraulic  or  other  lifts,  with  fans  for  ventilating,  steam 
pipes  for  heating,  and  with  water  pipes,  to  which  there  are,  in  some 
cases,  a  complex  system  of  automatic  sprinklers  attached  to  put  out 
fires. 

In  addition,  the  electric  engineer  adds  his  plant  for  lighting,  to  eclipse 
or  aid  what  previously  the  gas  engineer  had  been  doing,  and  the  prospect 
now  is,  that  with  the  introduction  and  use  of  natural  gas  for  heating  and 
lighting,  there  will  grow  up  another  branch  of  engineering  before  that 
substance  can  be  safely  and  economically  carried  for  long  distances  and 
be  brought  into  common  use  with  reasonable  safety. 

In  naval  architecture  what  wonderful  changes  a  few  years  have 
wrought.  The  wooden  walls  of  old  England,  the  pride  of  the  forefathers, 
the  burden  of  sea  songs,  and  naval  dramas,  are  almost  a  dream  of  the 
past.  If  Britannia  rules  the  waves  now,  it  is  inside  of  an  iron  hull,  filled 
with  boilers,  engines,  steam  and  water  pipes,  and  wheels  without  num- 
ber; and  it  is  the  pressure  gauge  of  the  engine  room,  to  which  the  master 
must  look  for  his  speed,  instead  as  of  old  to  the  well-filled  sails,  or  the  fly 
at  the  main  truck.  Manning  the  yards  and  unfurling  the  sails  is  now 
changed  to  wheeling  the  coal  from  out  the  bunkers,  and  crowding  the 
furnaces  ;  and  the  shi  ill  cry  of  the  boatswain  has  been  hushed  by  the 
engine-room  bells,  or  the  louder  shriek  of  the  steam  whistle.  Every 
movement  of  the  ship,  from  the  weighing  of  the  anchor,  the  swaying  of 
the  rudder,  to  the  handling  of  the  guns,  is  now  done  by  steam,  and  is 
dependent  upon  the  engineer  and  his  contrivances.  But  not  alone  are 
naval  battles  fought  by  steam,  and  steam  machinery,  and  by  swift  and 
powerful  ironclads  which  float  upon  the  water,  but  a  new  and  still  more 
destructive  warfare  is  now  being  introduced,  in  which  submerged  torpedo 
boats  tilled  with  ingenious  mechanism  and  powerful  compositions  sunken 
out  of  sight,  by  one  blow  under  the  armored  side,  may  open  a  rent  that 
will  soon  sink  the  largest  ship.  But.  not  content  with  usurping  tbe  sea, 
the  engineer  seems  to  be  as  well  the  coming  man  in  militaiy  maneuvers 
on  land. 

You  will  remember  how,  not  long  since,  a  Yankee  with  his  patent 
machine-gun,  in  search  of  customers,  wandered  up  into  the  region  of  our 
Canadian  friends,  who  at  the  time  were  busily  engaged  in  putting  down 
a  rebellion  among  the  Indians  and  half-breeds.  Happening  to  arrive  on 
the  eve  of  an  engagement,  and  anxious  to  show  what  a  mechanical 
soldier  could  do,  he  ran  his  multiple  machine-gun  far  in  advance  of  the 
army,  where,  by  himself,  he  unlimbered  his  gun,  filled  up  his  cartridge- 
hopper,  adjusted  his  crank  and  turned  it  witli  such  unceasing  speed  and 
with  such  effect  that  he  actually  drove  the  enemy  away  and  won  the 
battle  before  the  regular  soldiers  could  be  brought  into  action. 
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I  liave  no  need  to  refer  at  leufjtli  to  what  the  engineer  has  accomplished 
as  a  coiiunciu  carrier.  The  ^reat  changes  that  have  taken  jtlace  of  late 
years,  in  the  transportation  of  niercliaudise,  food,  and  the  inmxmerable 
products  of  industry,  and  especially  in  the  increased  rapidity,  and  com- 
fort of  traveling,  would  have  been  deemed  most  marvelous  but  for  the 
fact,  that  so  many  other  equally  wonderful  changes  have  been  accom- 
plislied  in  other  directions.  The  "White  Hart  Inn"  and  "  Tony  Weller  " 
went  out  witli  the  stage  coach,  and  the  prancing  bays  ;  the  horn  which 
in  earlier  days  awoke  the  eclioes  through  many  a  thrifty  country  town, 
and  !-iniling  valley,  has  given  place  to  the  scream  of  the  steam  whistle, 
and  along  by  the  peaceful  river,  and  by  the  meadows  where  once  the 
Concord  coach  swung  lazily  in  its  leathern  thoroughbraces,  the  loco- 
motive, with  its  rattle  and  roar,  sweeps  around  the  curve,  and  at 
night  its  flashing  light  for  a  moment  gleams  out  upon  the  dark- 
ness, iis  with  breath  of  flame  and  cloud  of  smoke  it  rushes  onward, 
trailing  its  long  line  of  gilded  palace  cars  behind  it.  On  the  rivers 
the  slowly  drifting  raft  and  barges  have  passed  on  and  out  of  sight, 
never  to  return  again  ;  and  the  steamer  with  its  fleet  of  tow-boats  now 
crowd  the  channels  and  wind  about  the  hidden  bars.  On  these  lakes, 
where  but  a  few  j-ears  ago  white-winged  messengers  of  commerce,  with 
snowy  sails  at  early  morn  loomed  up  all  along  the  shore,  and  whose 
taper  spars  stood  out  clear  and  fair  along  the  horizon  at  sunset's  hour,  all 
are  slowly  but  surely  dropping  out  of  sight ;  and  now  the  dingy  steamer, 
with  its  boilers  and  engines,  not  only  moves  unchecked  along  the  storm- 
tossed  furrows  of  the  main,  but  behind  it  and  amid  its  sooty  trail,  other 
sparless  barges  sullenly  follow  at  the  end  of  a  tow  line. 

Agriculture,  that  oldest  of  occupations,  whose  beginning  was  made 
just  outside  tlie  gates  of  Paradise,  has  in  these  later  years  been  invaded 
by  the  engineer  as  well.  For  a  long  time  he  was  content  to  substitute  for 
the  bent  root  of  a  tree,  a  plow  of  iron,  but  later  on  he  devised  all  kinds  of 
mechanical  appliances,  not  only  for  tilling  the  soil  but  for  planting  and 
securing  the  crops.  To-day,  the  steam  gang  plow  turns  up  in  broad  deep 
furrows,  soil  which  for  a  thousand  years  had  been  dug  by  hand  or 
scratched  over  with  seme  rude  wooden  tool  and  the  prepared  ground  is  now 
sown  by  a  seed  drill,  on  which  the  mounted  granger  of  to-day  rides  at  his 
ease  ;  while  vibi-ating  knives,  moved  by  wheels  and  cranks  of  endless 
variety  and  puzzling  ingenuity,  creep  into  the  harvest  field,  and  with 
tireless  speed  make  the  golden  grain  to  bow  before  the  genius  of  the  engi- 
neer, as  if  swept  by  the  blast  of  the  storm  king. 

Now  steam-driven  threshers  cull  out  the  lipened  grain,  wliile  steam  eleva- 
tors hoist  it  into  bins,  and  steam  cars  or  boats  convey  it  tons  destination. 
There  was  a  time  of  wliich  it  was  said,  "  there  were  two  women  grind- 
ing at  a  mill,  and  one  was  taken  and  the  other  left,''  but  long  since  the 
engineer  came  along  and  the  other  was  taken  also.  No  longer  the 
muzzled  ox  treads  the  corn,  or  the  patient  and  toiling  woman  grinds  it. 
The  engineer,  with  his  whirling  mills,  came  to  her  rescue,  and,  thanks  to 
his  skill  and  liis  industry,  woman  has  been  lifted  into  a  higher,  nobler 
sphere  of  usefulness,  with  time  and  opportunity  given  her  to  train  and 
teach  her  boys  to  follow  along  the  line  of  ju-ogress,  to  take  up  the  task 
which  older  hands  will  lay  down,  and  bear  it  onward  until  the  millen- 
nium shall  come. 
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But  it  is  when  you  enter  the  field  of  industrial  arts  that  you  are  most 
amazed  at  what  the  engineer  has  accomplished.  Compare  for  a  moment 
the  Hindoo  of  to-day  who,  as  a  thousand  years  ago,  sits  on  the  ground 
distaff  in  liand,  spinning  his  little  thread  of  flax,  or  cotton,  while  his 
neighbor  at  his  rude  loom  weaves  it  with  patient  care,  but  at  the  slowest 
pace.  Compare  this  picture — I  will  not  say  with  a  city  of  whirling 
spindles  and  throbbing  looms — but  compare  it  with  a  single  mill  or  cor- 
poration in  one  of  our  Eastern  States,  Not  long  since  I  had  the  pleasure 
of  going  through  a  very  extensive  cotton  mill,  and  while  I  do  not  intend 
to  go  into  an  elaborate  statement  concerning  its  capacity  or  business,  I 
will  say  that  its  floor  surface  exceeded  by  two  acres  the  entire  surface  of 
Boston  Common.  Its  yearly  consumption  of  coal  was  25,000  tons, 
although  more  than  one-half  of  its  work  was  done  by  water  power  ; 
while  its  gas  bills  were  $85,000,  and  its  combined  yearly  product  was 
one  million  yards  of  fabrics,  being  enough  to  go  two  and  one  quarter 
times  around  this  globe.  To  make  this  there  was  spun  enough  thread  to 
reach  from  the  earth  to  the  sun  and  back,  and  have  enough  over  to  tie 
one  end  on  the  moon  ;  and  all  this  in  one  single  corporation,  and  in  a 
single  line  of  industry. 

Think  for  a  moment  as  to  what  would  be  the  size  of  a  river  that  could 
contain  within  its  banks  all  the  water  that  is  being  raised  by  the  pump- 
ing machinery  of  this  country  alone.  Think  of  the  fiery  stream  that 
would  flow,  were  the  combined  outjiut  of  all  the  blast  furnaces  turned 
into  one  channel.  The  tales  told  us  of  Vesuvius'  terrible  outbreaks, 
which  desolated  countries  and  buried  cities,  would  be  but  a  purling  brook 
beside  the  outpouring  of  iron,  cinder  and  flame  could  all  the  furnaces  of 
the  land  be  combined  in  one  grand  avalanche  of  'fire. 

But  it  is  hopeless  to  attempt  any  summary  of  what  the  steam  engine, 
with  all  its  added  trains  of  wheels  and  shafts,  and  spindles,  and  all  the 
unnumbered  machines  attached  to  it,  is  now  accomplishing.  If  I  were 
asked  to  point  out  in  what  particular  direction  the  influence  of  the  engi- 
neer has  been  of  the  most  importance  and  value  to  the  world,  I  would 
reply  that  it  has  been  in  his  labors  and  success  in  cheapening  and  increas- 
ing the  production  of  the  metals,  of  which  iron,  in  its  various  forms,  is 
undoubtedly  king.  When  an  ancient  monarch  was  displaying  his  gold, 
a  sage  said  :  "but  if  another  comes  with  more  iron  than  you  have,  he 
will  be  the  master  of  all  this  gold." 

While  iron  was  rare  the  world  moved  slowly,  the  revolving  centuries 
saw  little  progress  either  in  the  condition  of  the  inhabitants  thereof,  or 
in  the  face  of  nature  ;  but  with  the  increase  of  iron  began  the  world's 
improvements,  and  nothing  during  the  fifty  years  just  past  contributed  so 
much  to  the  rapid  increase  of  knowledge  and  the  improvement  in  the 
condition  of  mankind  as  the  discoveries  made  in  the  production,  and  use 
of  iron  and  steel. 

It  is  in  the  harmonious  working  together  of  engineers  of  the  various 
professions,  that  the  car  of  progress  is  made  to  move  forward  in  spite  of 
all  that  ignoraaice  or  supei-stition  has  done  to  block  its  wheels.  As  I 
have  said,  the  architect  can  no  longer  ignore  the  engineer  ;  that  his 
structvires  shall  be  enduring,  healthful  and  comfortable,  he  must  enlist 
his  aid  ;  and  while  the  engineer  alone  might  build  both  solid  and  endur- 
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ing  he  needs  tlie  aid  of  tlie  aroliiteot  to  mold  his  more  severe  lines  into 
curves  of  grace  and  beauty,  perchance  to  tone,  and  soften  by  the  aid 
of  judicious  ornamentation  and  coloring,  his  otherwise  blank  and 
barren  walls.  It  is  the  civil  engineer  who,  with  trained  skill,  peers 
into  the  unbroken  forest,  seeking  amid  its  tangled  wild.s  a  path- 
way for  commerce.  With  transit,  cliain  and  level  he  measures 
as  he  goes,  applying  now  and  then  his  well-studied  formulas  in 
order  the  better  to  decide  which  way  will  best  suit  the  means  at 
his  disposal,  as  well  as  the  future  adaptation  for  economic  traffic, 
At  the  river's  bank  he  measures  for  the  iron  bridge  ;  at  the  head  of  the 
divide  he  plans  for  a  rock  cut  tunnel,  and,  after  the  mechanical  engineer 
with  his  machine  tools  has  furnished  the  material,  and  formed  it  into 
bridges,  has  with  steam,  compressed  air  to  work  the  machine  drills  that 
are  to  bore  through  the  rocky  barrier  ;  has  with  blast  furnaces,  Bessemer 
converters,  blooming  and  rail  mill  trains  brought  forth  the  steel  rails  for 
the  roadway,  then  is  all  made  ready  for  the  advent  of  that  noblest  of  all 
engineering  achievements — the  locomotive.  At  once  a  monster  of  iron, 
brass  and  steel,  a  steed  sleek  and  handsome  in  all  its  burnished  accoutre- 
ments, gentle  and  obedient  under  the  hands  of  its  master,  but  when 
roused  to  its  uttermost  speed  an  ungovernable  fiend,  which  often  drags  to 
a  death  from  which  no  human  power  can  save,  hundreds  of  lives. 

There  were,  it  is  true,  many  wonderful  things  accomplished  long  before 
machinery  became  so  important  a  factor  in  the  world's  progress  as  it  now 
is.  Thousands  of  years  ago  a  canal  was  dug  connecting  the  Red  Sea  and 
the  Nile,  where,  doubtless  every  cubic  foot  of  the  material  moved  was 
carried  on  the  heads  of  slaves.  But  not  so  of  the  modern  Suez  Canal, 
built  by  that  renowned  engineer,  De  Lesseps.  Along  the  fever-breeding 
marshes  and  through  the  hitter  water  lakes  of  that  once  glorious,  but 
now  desolate  land,  immense  floating  steam  dredges  scooped  up  the 
sacred  soil  of  the  Pharaohs  by  tons  and  dumped  it  far  beyond  its  banks. 
Steam  pumps  through  long  lines  of  ii'on  pipes  brought  the  fresh  water  of 
the  Nile  to  every  camp,  and  thus,  by  the  use  of  modern  steam  and  other 
machinery  there  was  constructed,  in  a  much  shorter  time  and  by  a  much 
less  number  of  men,  one  of  the  greatest  and  most  important  canals  of  the 
world  ;  and,  it  is  safe  to  say,  if  a  gateway  shall  ever  be  opened  across  our 
continent,  through  which  the  commerce  of  the  Atlantic  sliall  float  into 
the  waters  of  the  Pacific,  it  is  to  the  use  of  the  mechanical  appliances  of 
the  engineer  we  must  look  for  its  accomplishment. 

I  speak  of  these  things  only  to  show  to  what  an  extent  the  world  is 
indebted  to  the  labors  of  the  engineer  ;  and,  I  hesitate  not  to  say,  thei'e 
is  no  other  profession  to  which  you  can  point  which  has  done  so  much 
for  human  progress.  You  may  speak  of  learning,  and  of  learned  men, 
and  it  is  true,  that  the  wisdom  of  the  past  reflects  in  some  sort  upon  the 
present,  but  how  ephemeral  was  all  their  accumulated  knowledge.  Three 
thousand  years  ago,  in  one  grand  library,  in  one  of  Afric's  greatest  cities, 
was  gathered  the  wisdom  of  all  the  ages  ;  but,  alas  !  the  torch  in  the 
hand  of  a  single  person,  in  a  short,  brief  time,  swept  all  that  wealth  of 
wisdom  into  oblivion  ;  but.  thousands  of  years  afterward,  a  poor  un- 
learned man  patiently  carved  in  blocks  of  wood  the  letters  of  the 
alphabet,  which,  grouped  together  and  placed  under  a  press,  gave  im- 
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pressions  that  could  be  copied  innumerable  times,  and  thus  did  for  the 
world  a  service  of  far  more  value  than  did  the  monarch 
who  had  gathered  together  the  once  famous  library  of  Alexandria. 
Those  were  palmy  days  when  in  the  academic  groves  of  Greet^e  and  in 
Athenian  temples  the  youth  were  taught  by  philosophers  and  sages. 
Those  were  days  of  elegance  and  ease,  when  from  out  the  marble  quar- 
ries of  that  once  famous  land,  where  from  under  the  skillful  hand  of 
renowned  sculptors  there  was  created  the  gods  and  goddesses  wliicli  filled 
ihe  magnificent  teioiples  and  palaces  of  that  land,  which,  unearthed  to- 
day from  out  their  ruins,  challenge  the  admiration  of  all  the  world.  But 
ancient  Greece,  with  all  its  learning,  all  its  profound  philosophy,  its  noble 
architecture,  its  beauty  of  sculpture  and  of  decorations,  sunk  from  out 
the  world  and  left  only  its  ruins  to  posterity  ;  and  who  will  not  say  that 
the  discovery  of  portable  type,  coupled  with  the  inventions  and  improve- 
ments of  our  own  engineers,  in  the  rapid  steam  rotated  press  which  now 
sends  its  leaves  into  all  lands,  eclipses  by  far  any  previous  achievement 
made  by  man. 

All  along  the  ages  there  have  ai'isen  kings,  warriors  and  statesmen,  who 
in  one  way  or  another  for  the  time  being  were  the  leading  spirits  of  their 
day  ;  and  who  he  d  thedt^stinies  of  nations  in  their  hands  ;  but  how  com- 
pletely has  the  influence  they  once  exerted  faded  out  ;  their  names  and 
deeds  are  alike  buried  under  the  dust  of  the  past,  -scarce  remembered,  or 
forgotten  forever.  It  is  true  they  made  and  unmade  kingdoms,  they 
reconstructed  the  majis  of  their  times,  l:»y  pushing  boundary  lines  here  and 
there  as  conquest  or  disaster  followed  their  armies  ;  but  what,  after  all, 
did  they  accomplish  for  the  world's  progress,  or  tlie  real  benefit  of  their 
race. 

Hannibal  and  Napoleon,  with  tht-ir  armies,  crossed  the  Alps.  Their 
pathway  amid  the  clouds  was  sti^ewn  with  thousands  upon  thousands  of 
those  who  fell  by  the  vvay,  and  of  the  proud  armies  who  at  their  base 
began  the  ascent  comparatively  few  reached  the  sunny  plains  beyond. 
They  had  indeed  crossed  the  Alps,  bu'.  behind  them  their  snowy  peaks 
defiantly  still  touched  the  clouds,  unharmed,  uuconquered.  Long  years 
after  these  warrior  chieftains  had  crumbled  into  dust,  another,  mightier 
than  Hannibal,  or  Napoleon,  came  to  the  foot  of  these  rock-barred  barriers, 
which  for  ages  past  had  defiantly  said  alike  to  king  and  peasant,  "Pass 
me  only  at  your  peril."  With  no  long  retinue  of  soldiers,  no  vast  caravan 
of  horses,  and  elephants,  and  bleating  herds,  no  waving  banners,  no  blare 
of  trumpets,  or  cry  of  herald,  came  the  conqueror  of  our  day. 

Watching  the  weary  traveler  and  burdened  beast  climbing  with  patient 
toil  along  the  narrow  pathways  and  about  the  storm-beaten  crags,  half 
hidden  in  the  clouds  above  him,  and  beside  yawning  gulfs  no  eye 
could  fathom,  he  bethought  him  of  a  better  way.  Seeing  near  by  a  dash- 
ing torrent  which  for  ages  had,  unconfined,  tossed  high  in  air  its 
flakes  of  foam,  he  knew  he  had  in  that  a  giant  force  to  do  his  bidding; 
so.  curbing  i  s  wild  spirit,  he  bade  it  turn  his  wheels,  swing  his  cranks, 
move  to  and  fro  his  ponderous  phingers  and  pistons.  He  made  swinging 
valves  at  each  opening  stroke  to  gather  in  that  wildest,  freest  and  most 
untamable  of  all  elements,  one  of  which  it  was  said,  long,  long  ago,  "  It 
bloweth  where  it  listeth"— the  air— an'),  driving  it  before  him  through 
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long  aud  tortuous  passages,  he  uuuk'  it  to  kiioik  with  aini  of  steel  upon 
the  portals  of  the  hitherto  impenetrubie  walls.  You  know  the  rest, 
With  highest  skill  ami  unceasing  industry  he  bade  the  spirits  of  the  air 
and  water  alike  to  do  his  bidding,  guiding  them  to  the  right  and  to  the 
left,  up  and  down,  as  occasion  required,  and  from  either  side, 
through  months  and  years,  until  at  last  the  hitherto  defiant  walls 
were  broken  down,  and  the  eager  men  leaped  through  the  rent  mountain 
not  to  engage  in  deadly  conflict  or  savage  hate,  but  to  clasp  each  other  in 
bonds  of  equality  and  fraternity.  Througli  this  open  portal  to-daj',  on 
roadway  of  steel,  luxurious  carriages  glide  swiftly  and  securely,  filled 
with  the  inhabitants  of  all  lauds,  on  errands  of  pleasure,  peace  and  good- 
will ;  while  other  vans  loaded  with  the  product  of  the  field  and  vine,  the 
spindle  and  the  loom  alike,  pass  from  Italy's  sunny  plains  to  the  north 
land  of  snow  and  ice  for  barter  or  exchange. 

Need  I  ask  who  conquered  the  Alps — the  soldier  or  the  engineer?  Need 
I  ask  whose  triumph  has  contributed  most  to  the  welfare  of  the  world — 
the  general's  who  went  over  the  Alps,  or  the  engineer's  who  went  through 
them  ? 

Let  Mont  Cenis  and  St.  Gothard  answer. 

The  time  at  my  disposal  is  past,  and  as  other  and  more  enjoyable  exer- 
cises await  you,  I  will  not  further  pursue  a  subject  about  which  there 
still  remains  so  much  to  be  said.  Permit  me  to  add  in  conclusion,  that 
it  is  proper  and  fitting  that  in  a  city  whose  rapid  increase  in  population 
and  business  is  due  so  largely  to  the  fact  that  the  invention,  industry 
and  skill  of  the  engineer  brought  to  .  its  once  quiet  streets  the 
now  numerous  converging  lines  of  railways ;  to  its  docks  fleets 
of  large  and  powerful  steamers  laden  with  the  product  of 
the  soil,  the  forest  and  the  mine ;  to  its  suburbs,  so  recently 
the  quiet  home  of  ihe  tiller  of  the  soil,  immense  furnaces, 
whose  flames  light  up  the  midnight  sky;  vast  manufactories  filled 
with  all  kinds  of  powerful  and  ingenious  mechanism,  which  convert 
with  rapidity  and  cheapness,  the  crude  materials  of  the  earth  into  forms 
of  usefulness  and  beauty  ;  engineers  who  have  spanned  its  valleys  with 
massive  and  endui-ing  viaducts,  its  rivers  with  numerous  swinging 
bridges,  with  immense  engines  whose  moving  plungers  and  beating 
valves  transfer  from  Erie's  placid  bosom  to  ten  thousand  gushing  open- 
ings, the  life-giving  water  ;  engines  beneath  whose  fierce  blast  the  obdu- 
rate ore  is  made  to  yield  the  metal  hidden  therein  for  uncounted  ages  ; 
engines  from  out  whose  revolving  rolls  there  flows  the  rails  of  steel  for 
roadways,  over  which  unborn  States  will  in  the  future  send  their 
garnered  grains ;  fiery  rods,  which,  drawn  into  wires,  lace  the  air 
with  lines  of  steel,  over  which,  by  the  aid  of  lightning,  we  send 
alike  messages  to  all  the  world,  or  by  woi'd  of  mouth  converse  with 
towns  far  away  ;  or.  with  coronets  of  beauty  and  brilliancy  hung  out  in 
the  sky,  light  up  the  night  by  the  aid  of  solar  energy  stored  ages  ago  in 
the  deep  caverns  of  the  earth,  there  to  await  the  magic  touch  of  the 
engineer,  whose  province  it  was  to  bring  it  forth  to  illuminate  the  world 
and  benefit  mankind— it  is  fitting,  I  sa3-,  that  engineers  who,  in  so  many 
ways,  have  aided  in  bringing  about  these  results  should  meet  together 
here   for  congratulation  and  social  enjoyment,  and  let  it  be  our  high- 
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est  ambition  so  to  conduct  ourselves  in  every  position  we  may  occupy  iu 
life,  that  we  shall  ever  honor  oiir  .calling,  and  shall  assist  in  raising  it  in 
the  estimation  of  all,  to  that  high  position  of  honor  and  usefulness  to 
which,  by  reason  of  what  it  has  done  and  is  doing  for  the  world  and 
humanity,  it  is  so  justly  entitled. 


ORGANIZATION    OF  A  SURVEYING  PARTY. 


By  Augustine  W.  Wright,  Member  of  the  Western  Society  of  Engineers. 
[Read  June  1,  1886.] 


I  was  asked  the  question,  "  What  is  the  best  number  to  constitute  a 
party  upon  a  railroad  survey  ?"  In  order  to  elicit  discussion  and  get  the 
views  of  our  motnbers,  I  would  say  that  a  party  who  surveyed  twenty, 
four  miles  in  ^one  day  of  the  U.  P.  Railway,  Eastern  Division  (now 
Kansas  Pacific  Division  of  the  U.  P. )  was  composed  as  follows  : 

1st.  Engineer,  who  was  mounted  on  horseback  and  proceeded  in 
advance  of  the  party,  accompanied  by  a  man  with  a  shovel,  who  threw 
up  little  mounds  of  sod  to  indicate  the  line. 

2d.  Front  flagman,  mounted  on  horseback,  who  kept  in  advance  of  the 
transit  party,  going  from  mound  to  mound  and  putting  in  a  stake  upon 
which  he  gave  the  transit-man  a  fore-sight. 

3d.  Two'front  chainmen,  who  relieved  each  other  at  intervals  of  one 
mile,  the  one  who  was  not  dragging  the  chain  riding  in  a  wagon  carry- 
ing stakes. 

4th.  Rear  chainman. 

5th.  Axman  to  drive  stakes. 

6th.  Man  to  number  stakes. 

7th.  Transit-man  with  wagon  to  move  quickly  from  point  to  point. 

8th.  Topographer. 

The  level  party  consisted  of  two  levellers  and  two  rodmen,  accom- 
panied by  a  wagon  to  move  them  forward  quickly.  The  line  of  levels, 
for  instance,  started  from  a  benchmark.  The  wagon  in  the  mean  time 
kad  gone  forward,  containing  the  other  leveler  and  his  rodman.  The 
latter  was  dropped  one  mile  from  the  starting-point  and  the  leveller 
taken  500  feet  or  more  ahead.  The  rodman  drove  a  peg  in  front  of  the 
mile  stake,  and  had  his  rod  ready  on  it  by  the  time  that  the  level  was  set 
up.  The  wagon  then  retraced  its  course  about  a  thousand  feet,  and 
awaited  the  arrival  of  the  first  level  party.  So  soon  as  the  last  rodman 
had  reached  and  held  his  rod  upon  the  peg  put  in  by  the  other  rodman, 
this  party  proceeded  ahead  one  mile,  and  so  on. 

These  twenty-four  miles  were  surveyed  .Sunday,  August  4,  1867,  and 
this  was  the  "  biggest"  day's  work  upon  the  survey  to  the  Pacific.  We 
frequently  surveyed  16  miles  with  one  set  of  men,  but  leveller,  rodman, 
two  flagmen  and  transit-man  were  provided  with  saddle  animals.  The 
country  was  prairie  and  utterly  destitute  of  timber,  and  comparatively 
level. 


TESTS  OF  POWER  OF  LOCOMOTIVES. 


By  C.  H.  HiDsoN,  Member  of  the  Western  Society  ok  Engineers. 
[Road  March  2,  188(5.] 

At  the  time  of  makiug  the  experiments  to  determine  the  frictional 
resistance  of  railway  trains  described  in  a  recent  paper,  the  writer  also 
made  some  experiments  to  determine  the  power  of  a  locomotive  and  also 
to  ascertain  what  proportion  of  its  weight  upon  the  drivers  could,  under 
favorable  circumstances,  be  utilized.  Still  later,  in  testing  some  newly 
arrived  engines,  he  made  other  experiments  bearing  upon  the  same 
question.     These  are  the  subject  of  this  paper. 

The  engine  and  cars  in  the  first  series  of  these  experiments  were  the 
same  described  in  a  former  paper  (Journal  of  the  Association  op 
Engineering  Societies,  December,  1885),  the  same  weights  being  used. 
As  the  description  gives  the  weights  in  gross,  it  is  not  necessary  to  give 
the  details  again.  It  is  proper,  however,  to  say  that  the  engine  had 
cylinders  17  X  2-i  and  o8-inch  wheel. 

Experiment  7. — Trial  of  power  of  engine  on  curve,  being  seven  hundred 
feet  of  two  degree  curve  and  seven  hundred  feet  of  three  degree,  and 
upon  a  grade  averaging  .91  per  100  feet,  or  48.05  feet  per  mile.  Track 
only  in  fair  condition, 

(A).— Engine  47,  weight,  58  tons  ;  cars,  1  to  30  ;  weight,  726.2  tons  ; 
total,  784.2  tons.     Could  not  start  them. 

(B).— Engine  47,  weight,  58  tons ;  cars,  6  to  30  =  25;  weight,  605.4  tons  ; 
total,  663.4  tons.  Started  them  a  car  length  ;  133  lbs.  steam ;  no  sand 
used. 

(,C). — Engine  47,  weight,  58  tons  ;  cars,  9  to  30  =  22;  weight,  532.6  tons  ; 
total,  590.6  tons.     130  lbs.  steam  ;  started  easily. 

(D).— Engine  47,  weight,  58  tons  ;  cars,  7  to  30  =  24;  weight,  581.3  tons  ; 
total,  639.3  tons.     Moved  off  slowly. 

(E).— Engine  47,  weight,  58  tons  ;  cars,  6  to  30  =  25;  weight.  605.4  tons  ; 
total,  663.4  tons.     128  lbs.  steam  ;  moved  them  60  feet. 

Experiment  23. — Trial  of  power  of  engine  on  2°  30'  curve  to  right  ; 
grade  from  a  point  100  feet  ahead  of  engine  was  as  follows  : 

1 .27  per  100  feet,  elevation 021  I  1.20  per  100  feet,  elevation 027 

1.17 '  "         028    1.15    "       "       "  "        023 

1.12    "      "      "  "         025  I  1.10    "      "      "  "         025 

.95    "       "       "  "  030  11.14    "       "       "  "         024 

1.09    "      "      "  "         023 

giving  an  average  of  -|-  1.13  per  hundred  feet  from  rear  end  of  train  to  a 

point  100  feet  ahead  of  engine.     Track  steel,  in   fair  condition,  ballasted 

with  fine  sand  or  gravel.     Gauge  open  three-eighths  to  five-eighths  of  an 

inch. 

(A).— Engine  63,  60  tons  ;  cars,  16  to  30  and  11  to  15  =  20;  486.1  tons  ; 
total,  546.1  tons.  130  pounds  steam  ;  moved  off,  two  or  three  mUes  per 
hour. 

(B).— Engine  63,  60  tons;  cars,  16  to  30  and  10  to  15  =21;  508.55  tons  ; 
total,  568.55  tons.    Started  them  all  right, 

(C).  —Engine  63,  60  tons  ;  cars,  16  to  30  and  9  to  15  =  22;  532.55  tons  ; 
total,  592.5.")  tons.     Moved  them  100  feet. 

(D). — Same  number,  back  to  old  place.     Started  again   and  took  them 
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200  feet.  Then  took  slack,  as  they  stood,  and  took  them  off,  but 
slowly. 

For  200  feet  from  place  where  grade  is  given  it  eases  up  a  little,  and 
then  is  again  1.10  per  100  feet.  This  train,  592.55  tons,  was  started  on 
the  1.13  grade  (59.66  feet  per  mile),  with  130  pounds  steam,  no  sand 
used. 

Experiment  24. — Engine  63  then  took  twenty-five  cars  over  grades  about 
as  follows  : 

1,100  feet,  slightly  down  or  level.  1,100  feet  +  .818  =  43.19  per  mile; 
600  feet  of  +  1.00  =  52.8  per  mile;  1,100  feet  of  +  .714  =  37.7  per  mile, 
300  level  ;  1,000  feet  +  .9  =  47.52  per  mile  ;  with  110  to  120  pounds  of 
steam,  doing  it  easily,  not  at  any  time  making  less  than  50  revolutions 
per  minute. 

Engine  63,  weight,  60  tons  ;  cars,  16  to  30  and  6  to  15  =  25  ;  602.85 
tons;  total,  662.85  tons. 

Experiment  25. — The  same  train  as  in  24  was  taken  to  the  grade  and 
curve  upon  which  experiment  23  was  tried,  making  140  revolutions  and 
140  lbs.  steam.  At  end  of  curve  was  making  115  revolutions  ;  at  the 
commencement  of  a  3°  curve  the  other  way  (a  short  tangent  between), 
120  revolutions  were  made  and  at  the  end,  95  ;  steam,  115. 

At  commencement  of  next  curve  (6  degrees.  52.8  grade);  48  revolutions 
was  made.  Continued  on  same  grade  and  curve  till  stopped.  Steam, 
130. 

Experiment  26. — On  tangent  ;  same  hill  ;  grades  as  follows  from  point 
where  tail  of  train  stood  : 


100  feet +  1.06 

"  "     +  1.09 

"  "     +  1.2.1 

"  "     +     .96 

•'  "     +     .83 

'•  "     +     .91 

"  "      +     .90 


100  feet +     .72 

+     .96 

+  1.09 

+  1.21 

+     .98* 

+  l.l.S* 


"       "    +     .91!        Average  +     .952 

•    Track  steel,  ballasted  with  sand,  and  in  good  shape. 

(A).— Engine  63,  60  tons  ;  cars,  16  to  30  and  9  to  15  (incL),  532.55  tons  ; 
total,  592.55  tons.  Stai'ted  them  easily  with  131  to  135  lbs.  steam  ;  lirht 
wind  in  front  and  on  right  hand  side. 

(B).— Engine  63,  60  tons  ;  cars,  16  to  30  and  7  to  15  -  24.  581.25  tons  : 
total,  641.25 tons.  Same  place;  130  to  135  lbs.  steam;  took  them  off 
readily. 

(C).— Engine  83,  00  tons  ;  cars.  16  to  30  and  6  to  15  =  25,  606.45  tons  ; 
total,  666.45  tons.     Took  them  easily. 

(D).— Engine  63,  60  tons  ;  cars,  16  to  30  and  5  to  15  =  26,  630.65  tons ; 
total,  695.65  tons.     Took  them  off  slowly  ;  steam,  130  to  133  ;  no  sand. 

(E)— Engine  63,  00  tons;  cars,  16  to  30  and  4  to  15  =  27,  656  tons; 
total,  716  tons.     Took  them  off  slowly,  150  feet,  and  steam  at  135  at  stop. 

(F).— Engine  63,  60  tons  ;  cars,  16  to  30  and  3  to  15  =  28,  675.85  tons  ; 
total,  735.85  tons.     130  lbs.  steam  ;  took  them  off  slowly. 

(G).— Engine  63,  60  tons  ;  cars  1  to  30  (inc.),  723.65  tons  ;  total,  783.65 
tons.  131  to  135  lbs.  steam  ;  started  them  30  or  40  feet ;  tried  a  second 
time  and  took  them  60  feet ;  steam,  130  to  135. 

>  *  Od  6  degree  curve  to  left. 
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(H).— Engine  63,  60  tons  ;  cars,  16  to  30  and  2  to  15  =  29,  699.80  tons  ; 
total,  759.80  tons.     Steam,  133  to  135;   took  them  100  feet.  1 

(I).— Eugiue  63,  60  tons  ;  cars,  16  to  30  and  3  to  15  =  28  675.85  tons  ; 
total.  735.85  tons.  Steam,  130  lbs.;  took  them  fifteen  car-lengths  and 
until  engine  was  200  feet  upon  the  six-degree  curve  ;  no  sand,  wheels  did 
not  slip  ;  moved  them  at  rate  of  two  or  three  miles  per  hour. 

Now,  tlie  power  of  engine  63,  estimated  by  the  usual  formula,  would 

be  as  follows  : 

17  X  17  X  24 

^- X  steam  pressure  in   cylinder  =   119.59  X   pressure  in 

cylinder. 

The  average  grade  was  .952  =  50.27  feet  per  mile. 

The  resistance  due  gravity  would  be  .952  X  2,000  =  19.04  Ib.s.  per  ton  ; 
resistances  due  other  causes  (exps.  8  to  22),  4.40  lbs.  per  ton  ;  total,  23.44 
lbs.  per  ton. 

In  the  last  case  the  weight  moved  was  735.85  tons,  which  at  28.44  lbs. 
gives  a  force  of  17,616  lbs.,  requii-ed  to  move  it  up  that  grade. 

As  119.59  X  cylinder  pressure  =  force  (power  of  engine),  then  force  = 
cylinder  pressure  -;-  119.59. 

As  force  in  this  case  is  17,616,  we  have  : 

'     -  =  cylinder  pressure  =  144  lbs. 

But  as  the  steam  pressure  in  the  boiler  is  but  130  lbs.,  it  could  not  have 
been  144  in  the  cylinder.  It  might  possibly  have  been  125  lbs.  At  that 
figure  we  would  have  a  theoretical  force  of  119.59  X  125  —  14,949 
lbs.  Now,  the  actual  resistance  was  17,616  lbs.,  or  more  than  the  the- 
oretical power,  2,667  lbs.,  or  18  per  cent  above  it. 

There  can  be  no  doubt  as  to  the  effect  of  gravity,  viz.:  19.04  lbs.  per 
ton ;  this,  for  735.85  tons,  will  give  14,010  lbs.,  which  would  leave  for 
other  resistances,  assuming  the  force  of  engine  to  be  at  125  lbs.  in 
cylinders,  14,949  lbs. ;  this  would  leave  but  939  lbs.  for  all  other  resist- 
ances, or,  per  ton  moved,  1.27  lbs.  • 

Our  other  experiments  prove  that  this  cannot  be  correct ;  we  must, 
therefore,  conclude  that  the  formula  for  estimating  the  power  is  not 
correct.  If  we  now  discard  the  weight  of  the  engine  and  use  only  the 
weight  of  the  train,  we  have  moved  679.85  tons,  which  at  23.44  pounds 
resistance  per  ton,  gives  15,938  pounds  as  the  force  required  to  move  it. 
If  we  now  assume  that  at  that  slow- speed  the  cylinder  pressure  was  equal 
to  that  in  the  boiler  (hardly  probable)  we  will  have  the  jjower  of  the 
engine,  119.55x130=15.547  pounds,  pretty  nearly  equal  to  the  estimated 
force  required  to  move  the  load  aside  from  the  engine.  You  will  note 
that  the  force  required  to  move  the  load,  including  the  engine,  is  43.5 
per  cent,  of  the  weight  on  the  drivers,  comparing  favorabl}-  with  the 
experiments  upon  the  Erie  road  many  years  ago,  when  one-third  of  such 
weight  was  utilized.  In  ordinary  practice,  however,  but  one-fifth  is 
calculated  upon  as  available. 

Recently,  for  the  purpose  of  testing  a  new  engine  of  the  Consolidation 
pattern,  just  received  by  the  East  Tennessee,  Virginia  &  Georgia  Rail- 
road, we  weighed  a  train  of  thirty  loads,  caboose  and  private  coach,  and 
took  it  with  the  engine  to  a  heavy  grade  about  a  mile  long,  averaging 
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sixty-seven  and  one-tenth  feet  per  mile.  The  grade  was  not  even,  but 
undulating  ;  some  being  more  and  some  less  than  the  average.  In  one 
place,  one  hundred  feet  were  at  the  rate  of  ninety-eight  feet ;  another 
spot  of  two  hundred  feet  at  the  rate  of  ninety-one,  and,  of  course,  to 
matcli  it,  other  spots  were  less  than  the  average.  The  rail  was  steel, 
fairly  ballasted  and  surfaced  only;  not  in  first-class  line.  Before  reach- 
ing the  grade,  there  were  about  sixteen  hundred  feet  of  level ;  mostly  on 
a  three-degree  curve  to  right,  which  curve  continued  eight  hundred  feet 
up  the  grade.  Then  followed  sixteen  hundred  feet  of  tangent  ;  six  hun- 
dred feet  of  six  degree  curve  to  left  ;  one  hundred  feet  of  ten  degree  to 
left,  and  nine  hundred  feet  of  six  degree  to  left,  followed  by  four  hun- 
dred feet  of  tangent  and  five  hundred  feet  of  four  degree  curve  to  right, 
when  the  summit  was  reached.  At  the  end  of  these  curves,  the  section 
men  had  (as  is  frequently  done)  pushed  the  tangent  into  the  curve  and 
sharpened  the  curve  for  the  first  hundred  feet  or  so.  This  is  not  taken 
into  account.  The  ten  degree  curve  was  on  the  little  spot  of  sharpest 
grade.  The  day  was  warm  and  dry  and  circumstances  favorable.  The 
weight  of  train  was  as  follows  : 

Engine,  109,000  pounds  ;  tender,  55,000  pounds  ;  thirty-two  cars, 
1,453,160  pounds  :  total,  1,617,160  pounds. 

The  engine  stood  at  start  at  water  tank  about  fifteen  hundred  feet  from 
foot  of  grade,  and  when  grade  was  reached  was  making  one  hundred  and 
twenty  revolutions  or  about  eighteen  miles  per  hour.  It  should  be  said 
that  the  engine  had  cyhnders,  twenty  by  twenty-four  inches  ;  diameter 
of  drivers,  59  inches  ;  weight  on  drivers,  97,000  pounds.  When  the  spot 
of  ten  degree  curve  was  struck,  it  was  running  fifty  revolutions,  or  about 
seven  miles.  At  a  point  thirty-seven  hundred  feet  from  the  grade,  the 
engine  came  to  a  stand,  unable  to  take  train  through,  It  was  then 
backed  down  and  two  cars  set  off,  weighing  123,500  lbs.,  leaving  weights 
as  follows  : 

Engine,  109,000  pounds :  tender,  55,000  pounds  ;  train,  1,329,660 
pounds  ;    total,  1,493,660  pounds. 

This  time  the  engine  started  from  the  same  place  as  before,  struck  the 
grade  making  150  i-evolutions,  or  22.3  miles  per  hour,  and  in  seven  min- 
utes turned  the  summit,  making  thirty  revolutions,  or  4.5  miles  per  hour. 
The  engine  averaged  145  pounds  steam,  was  worked  most  of  the  way  in 
the  second  notch  from  bottom,  or  at  about  an  eighteen  inch  cut-off,  the 
last  1,200  feet  being  in  lowest  notch,  or  what  was  called  full  stroke  (22- 
inch  cut-off).     Very  little  sand  was  used  ;  engine  did  not  slip  any. 

While  the  grade  was  undulating,  it  seemed  fair  to  take  the  average — 
which  has  been  stated,  67.1  feet  per  mile,  or  1.27  per  cent.— giving  a  re. 
sistence  due  gravity,  per  ton  of  .0127x3000  =  25  4  pounds. 

Experiments  already  given  show  that  the  frictional  resistance  is  not 
far  from  five  pounds  per  ton.  In  view  of  the  fact  that  the  wheels  of  the 
train  were  too  wide  (as  hereafter  explained)  we  think  that  that  is  not  too 
great,  and  possibly  may  be  too  small.  We  will  assume  that,  however.  No 
special  pains  were  taken  to  fix  the  bearings;  a  lot  of  cars  that  happened 
to  be  in  transit  being  taken.  Assumed  frictional  resistance  per  ton,  5 
pounds.  We  will  assume  the  resistance  due  curvature  to  be  .05  per  cent. 
per  degree.     Authorities  differ  in  this  and  some  go  as  low  as  .03  per  cent. 
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The  writer's  observations  liave  been  that  in  equating  grades,  where  he 
used  .05  per  cent,  per  degree,  and  widened  the  gauge,  an  engine  that 
would  move  its  train  steadily  on  a  given  tangent  grade,  would,  on  reach- 
ing a  curve  with  grade  equated  at  .05  per  cent.,  "pick  up"  a  little  in 
speed;  showing  that  the  equation  was  a  trifle  above  the  necessities.  This 
has  been  the  experience  of  others.  On  the  road  where  this  experiment 
was  tried,  liowever.  the  gauge  was  not  open  at  the  curves— as  it  should 
have  been— and,  added  to  that,  the  wheels  of  many  of  the  cars  in  the 
train  were  wide  ;  only  scant  three-eighths  of  an  inch  clearance  between 
the  wheel  and  the  rail  ;  while  the  clearance  should  be  three-fourths  of  an 
inch.  In  view  of  this  it  seemed  that  the  estimate  of  .05  per  cent,  per 
degree  was  not  too  much.  For  six  degree  curve,  this  would  be  .30  per 
cent. 

Or.  per  ton,  .0030  x  2000 =      6.00  lbs. 

This  pives  a  tutal  resisUmce  to  be  overcome  of  (per  ton) 36.40  lbs. 

"Weight  of  en-iine  and  train  being  747  tons  ;  747  x  36.4 =37,191  lbs. 

But  about  lOO  feet  of  the  train  will  be  on  a  ten-degreo  curve,  where 
the  resistance  per  degree  is  .05,  or,  for  the  ten  degrees,  ..50  per  cent. ; 
the  estimated  resistance  on  a  six-degree  curve  was  .30  per  cent. : 
here  is  an  excess  of  .20  per  cent.,  or,  per  ton,  4  lbs.  Now,  three  cars 
are  all  of  the  train  on  this  curve,  and  we  have  69  tons,  which  gives 

69  X  4 , =        276  lbs. 

Making  a  total  resistance  to  overcome  of '. 27,467  lbs. 

You  will  note  that  here  we  develop  a  tractive  force  of  28.2  per  cent,  of 
the  weight  on  drivers  ;  not  so  great  as  in  other  cases,  but  much  over 
ordiiiar}-  practice. 
The  theoretical  power  of  the  engine  would  be  as  follows  : 

20  X  20  X  24 

^^ X  cylinder  pressure  =  192  x  ISO  (assmned) =  24,960  pounds. 

The  estimated  resistance  per  ton,  is  : 

Gravity 25.4      " 

Frictional 5.          " 

Six  degree  curve  6.          " 

One-tenth  of  train  will  be  on  a  ten  degree  curve  ;  and  we  can  add 

to  this,  one-tenth  of  the  excess  over  six  deg.  or,  one-tenth  x  4. ..  .4      " 

Total 36.8  pounds. 

Divide  the  theoretical  power  24,960  by  this  resistance  36.8,  and  we  have  : 

24,960  -h  36.8  =  678  tons =  1,356,000  pounds. 

being  the  theoretical  amount  the  engine  would  move  up  this  grade,  or 
about  187,000  pounds  less  than  the  actual  amount  moved.  As  in  the 
former  cases  the  actual  work  exceeds  the  theoretical  by  about  the  weight 
of  the  engine  and  tender. 

Our  estimate  is  based  on  an  average  pressure  of  130  pounds  in  the 
cylinder,  after  a  study  of  a  "  constructed  *'  diagram  of  the  probable 
pressure,  assuming  that  when  the  vaive  was  open  we  had  135  pounds,  or 
within  ten  pounds  of  boiler  pressure.  We  cut  off  at  twenty -two  inches 
(called  full  stroke)  and  a  trifle  later  the  exhaust  opens.  The  loss  here  and 
the  back  pressure  would  reduce  the  average  pressure  at  least  five  pounds, 
and  probably  more. 

The  next  day  a  train  was  made  up  of  twenty-four  cars  freight,  caboose 
and  coach,  weighing  1,048,100  pounds.  Engine  and  tender,  as  before, 
164,000  pounds.     Total,  1,212,100  pounds. 

The  day  was  a  bad  one,  a  fine  drizzling  rain,  so  that  the  rail  was  so 
greasy  as  jiossible  to  be  ;  the  rail  could  hardly  have  been  worse. 
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A  run  of  one  hundred  and  thirty-one  miles  was  made  over  an  undulat- 
ing road,  with  68  foot  grades  and  6  and  8  degi-ees  curves,  some  long  and 
some  short ;  in  9  hours  and  ten  minutes,  or  an  average  of  14.4  miles  per 
hour,  taking  no  account  of  the  stops  in  meeting  trains.  The  object  was 
to  see  the  working  of  the  engine  on  the  road  in  its  every-day  work  and 
under  the  worst  circumstances.  Fortunately  the  rail  was  as  bad  as  we 
could  wish,  and  yet  the  engine  took  the  lead  easily  and  at  a  speed  above 
tlie  usual  and  desired  speed  of  freight  trains.  Probably  in  no  case  did  the 
pressure  in  cylinder  exceed  100  pounds  per  inch,  as  a  good  speed  was 
kept  up.  At  these  figures  we  would  have  developed  a  power  of  192  X 
100  =  19.200  poimds  ;  dividing  by  resistance,  say  35  pounds  and  we  have 
the  result,  as  before,  548  tons  =  1,096,000  pounds  ;  or  again,  not  far  from 
the  weight  of  the  train  without  the  engine.  The  trouble  contended  with 
this  time  was  the  liability  of  the  wheels  to  slip.  Our  test  satisfied  us  that 
our  estimate  of  the  every-day  capacity  of  the  engines  was  correct,  and 
that  they  would  take  1,000.000  pounds  besides  their  ov.'n  weight  over  this 
part  of  road,  with  ease  and  at  a  good  speed.  They  have  since  been  doing 
it,  taking  one  million  to  one  million  one  hundred  thousand  pounds,  at 
twelve  to  fourteen  miles  per  hour,  without  the  least  trouble. 

KLnoxvillk,  Teuu.,  Nov.  20.  1885. 


THE  METRE,  AS  APPLIED  TO  LAND  SURVEYING. 


By  J.  D.  Varney,  Member  of  the  Civil  Engineers'  Club  of  Jleveland. 
[Read  May  11,  1886.] 


Let  us  understand  each  other  at  once.  This  paper  discusses  the  metre 
with  reference  to  land  survejdng  only,  and  its  statements  are  to  be  taken 
as  applying  only  within  these  narrow  limits,  unless  they  expressly  in- 
clude more.  Whether  they  would  be  true  applied  more  broadly  I  neither 
assert  nor  deny. 

The  metric  system  is  undesirable.  It  will  be  impossible  to  secure  its 
general  adoption,  therefore  efforts  to  that  end  are  a  waste  of  energy,  and 
a  waste  of  energy  is  to  take  so  much  from  human  happiness.  These 
dogma' ic  expressions  are  not  used  to  convince  you,  but  only  as  a  brief 
method  of  showing  at  once  and  unmistakably  that  my  feelings  towards 
the  system  are  similar  to  those  of  the  young  lady  who  did  not  admire  the 
moustache,  and  wherever  she  saw  one  felt  it  her  duty  to  set  her  face 
against  it.     The  metre  is  undesirable  because  its  length  is  inconvenient. 

In  our  work  errors  in  measuring  arise  from  five  sources  :  1st.  The  dif- 
ficulty of  exactly  marking  the  end  of  the  unit  used  so  that  the  following 
application  shall  be  at  the  same  point.  2d.  Imperfect  alignment.  3d. 
Measuring  out  of  the  horizontal  plane.  4th.  The  sag  in  the  middle  when 
unsupported.     5th.  Irregular  stretch  with  irregular  strain. 

The  first  and  second  are  reduced  by  lengthening  the  unit  used,  and  the 
fourth  and  fifth  are  reduced  by  shortening.  I  think  the  length  has  little 
practical  effect  on  the  third.  Time  is  consumed  at  each  application,  and 
the  number  of  applications  and  the  time  employed  are  reduced  by 
lengthening.  When  on  uneven  ground  only  a  small  portion  can  be  used, 
time  is  consumed  in  the  care  of  the  unused  portion.     Without  being  able 
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to  give  very  exact  figures,  or  what  you  may  regard  as  gooil  reasons  for 
my  conclusions,  I  am  fully  convinced  that  for  general  woi'k  in  my  prac- 
tice the  100  feet  is  the  happy  medium  giving  the  highest  attainable  degree 
of  accuracj'  with  the  rapidity  of  work  demanded. 

Under  sources  of  error  4  and  5  relating  to  sag  and  strain,  I  wish  to 
state  the  result  of  some  experiments  on  which  my  conclusions  have  been 
partially  based.  I  have  an  Excelsior  steel  tape  tested  with  great  care  by 
Prof,  ilendenhall,  of  the  State  Univex'sity,  at  a  strain  of  10  pounds,  sup- 
ported its  entire  length.  When  unsupported  in  the  middle,  I  find  13 
pounds  or  3  pounds  in  excess  of  the  10,  stretches  it  enough  to  take  up 
the  stig  of  50  feet,  and  16  pounds  or  6  pounds  extra,  takes  up  the  sag 
of  100  feet.  I  have  another  and  heavier  Excelsior  which  requires  19 
pounds,  or  9  pounds  extra  for  100  feet.  By  frequently  testing  our 
strength  with  my  helpers,  we  learn  to  strain  these  amounts  with  con- 
siderable uniformit}'.  Of  course,  to  increase  or  decrease  the  unit  used 
would  be  to  increase  or  decrease  the  uniformity  attainable. 

Assuming  that  about  100  feet  is  the  desirable  length,  how  does  this 
affect  the  use  of  the  metre  ?  Before  entering  on  a  discussion  of  this 
question  I  wish  to  make  a  statement  startling  for  its  novelty.  Of  i-ourse 
it  would  be  unwise  for  this  Club  to  lend  its  influence  to  champion  every 
new  and  wild  scheme  which  cranks  may  introduce.  As  a  body  we  must 
be  reasonably  conservative  while  we  keep  our  minds  and  our  meetings 
open  for  the  discussion  of  any  proposition  giving  hope  for  improved 
methods  in  any  branch  of  engineering  work. 

Let  it  then  be  understood  that  in  springing  upon  the  Club  the  proposi- 
tion which  I  now  make.  I  have  consulted  no  other  member,  and  none  of 
you  are  required  to  bear  any  of  the  odium  unless  you  hereafter  commit 
yourselves  voluntarily.  I  think  it  desirable  that  we  adapt  all  our  work 
as  far  as  is  practicable  to  the  decimal  system.  Please  notice  my  language. 
I  say  as  far  as  is  practicable.  I  would  be  reasonably  conservative.  I 
would  not  require  the  architect  to  plan  all  his  buildings  ten  stories  high, 
nor  do  I  insist  that  each  land  owner  shall  hold  even  tens  of  feet  or  acres. 
I  sometimes  divide  by  4  rather  than  to  multiply  by  25.  Still  when  I  have 
measured  a  distance  and  find  that  my  tally  pins  show  16  whole 
tapes  with  an  additional  ITtVtt  f^et,  it  is  very  convenient  to  enter  it  with- 
out study  as  1617.34.  With  the  30  m.  unit,  how  would  we  record  this 
distance  ?  Assuming  3.28  feet  =  1  metre,  our  tally  pins  would  show  16 
applications  of  the  tape  witii  an  additional  13  yj^  m.  This  16  must  be 
multiplied  by  30  =  480  m.,  to  which  add  13.09  =  493.09  ra.  You  may 
truly  say  that  to  multiply  16  by  30,  and  to  add  13.09  is  an  easy  task,  and 
for  strong-minded  men  it  would  not  be  difficult,  but  I  assure  you  when  my 
mind  is  occupied  with  such  questions  as  whether  to  give  strict  distance 
or  distribute  a  ±  surplus,  or  whether  to  be  governed  by  the  rotten  stump 
of  the  alleged  sight  tree  or  the  magnetic  course  N.  92  E.,  or  whether  in  this 
problem  I  should  multiply  the  tangent  of  the  hypotheneuse  by  the  versed 
sine  of  the  secant,  or  whether  it  would  not,  after  all,  be  correct  to  divide 
the  arc  of  the  great  circle  bj'  the  sine  of  the  cotangent,  every  such 
extra  mental  labor  is  a  burden  and  adds  opportunity  for  error.  The  metre 
can  be  noted  as  conveniently  as  the  100  foot,  only  by  using  a  unit  of  10 
or  100  m.,  and  I  think  no  sane  person  who  has  had  experience  would 
propose  either  of  them. 
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One  other  point  I  will  speak  of,  because  an  advocate  of  the  metre 
deems  it  of  some  force.  It  is  claimed  that  the  metre  bein^  longer,  but 
not  ten  times  longer,  than  the  foot,  it  can  be  divided  by  1,000,  thus  giv- 
ing a  smaller  division  than  the  .01  foot,  which  is  too  small  for  dividing 
by  ten.  My  reply  to  this  is,  the  .01  foot  seems  to  be  as  small  a  division 
as  land  surveying  demands,  but  if  it  were  not  so,  any  unit  might  be 
divided  indefinitely.  The  accuracy  demanded  by  the  work  in  hand 
determines  the  fineness  of  the  divisions,  the  care  required  in  the  work 
and  tlie  number  of  the  figures  to  be  used,  and  this  is  independent  of  the 
name  or  length  of  the  unit.  To  illustrate  :  Take  the  actual  distance 
which,  expressed  in  feet,  would  be  1617.34212,  and  express  it  decimally 
with  the  least  figures  which  shall  not  vary  from  the  actual  distance 
more  than  .0001  metre.  In  miles  we  have  .3063148  ;  in  metres,  493.0921 ; 
in  feet,  1617,342  :  m  chains,  24.50518  ;  the  same  number  of  figures  in 
each  case.  The  inch  requires  one  more  figure,  19408.105.  So  much  with 
reference  to  the  intrinsic  merits  of  the  metric  unit. 

I  have  said  it  will  be  impossible  to  secure  the  general  adoption  of  the 
metric  system.  The  fact  that  the  unit  is  undesirable  has  contributed 
very  little  toward  my  reaching  that  opinion.  Our  foot  and  inch  units 
have  become  too  deeply  woven  into  the  affairs  of  men  to  make  the 
change  possible  or  the  effort  to  change  advisable.  I  say  this  with  a  full 
recognition  of  the  fact  that  it  has  made  great  progress  in  a  few  years  ; 
that  it  has  been  adopted  by  soaie  of  the  leading  governments  of  the  most 
highly  civilized  people,  and  that  its  nomenclature  is  being  thrown  in  as 
a  barrier  between  the  common  people  and  the  meaning  of  much  that  is 
said  by  our  best  writers. 

''  Yes,  it  is  true,"  said  the  palm  tree,  voicing  the  wonderful  processes 
of  nature  in  its  reply  to  the  startled  inquirv  of  the  vine. 

"  Yes,  it  is  true  ;  I  have  been  100  years  attaining  this  growth,  and  in 
each  of  those  years  a  vin^  has  grown  to  my  top  as  thou  hast ;  each  one 
was  as  surprised  as  thou  art  and  as  short-lived  as  thou  wilt  be."  In  the 
oil  regions  many  an  anticipated  fortune,  based  on  the  progress  made  in 
drilling  the  first  100  feet  of  a  well,  has  vanished  into  thin  air  when  at 
500  feet  the  tools  were  stuck  in  a  dry  hole. 

In  the  introduction  of  a  reform  like  this,  which  does  not  at  once  chal- 
lenge the  attention  of  the  masses,  it  is  comparatively  easy  to  win  the 
support  of  governments,  and  even  of  intelligent  people,  if  there  is  plausi- 
bility on  the  face  of  it  ;  but  this  reform  will  be  a  success  only  when  the 
common  people  have  learned  to  talk,  to  think  and  to  bargain  in  metre 
units,  and  reformers  would  do  well  to  exercise  the  discretion  of  the  old 
Greek  artists,  who  were  never  sure  of  the  excellence  of  a  work  of  art  till 
it  had  been  exhibited  in  the  market  place;  and  he  who  supposes  that 
without  an  expenditure  of  more  force  than  it  will  be  possible  to  bring 
to  bear  for  this  purpose,  the  average  lot  or  land  owner  can  be  induced 
to  use  the  nomenclature  of  the  metric  system  in  his  bargaining  for 
land,  has  reached  a  different  conclusion  in  his  study  of  the  human  mind 
from  that  which  I  have  reached.  Several  years  ago,  I  think  about  1860, 
the  Board  of  Trade  of  Buffalo,  listening  to  the  voice  of  the  decimal  siren, 
decided  to  make  all  sales  of  grain  in  100-pound  units  in  place  of  bushels, 
and  while  this  lasted  the  Buffalo  papers  gave  the  market  reports  in  this 
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way.  M}'  recollection  is  that  this  continued  about  two  weeks.  If  for  such 
men  the  labor  of  converting  values  from  32,  56  and  60  pounds  units 
to  100  pounds  units  was  too  great,  how  pleasant  it  must  be  to  lot  and 
land  owners  to  be  asked  to  deal  with  such  formidable  combinations  as 
89.37079,  3.28089,  etc.,  etc.  This  obstacle,  which  we  will  call  mental 
inertia,  applies  with  equal  force  to  desirable  as  to  undesirable  clianges. 
Of  course  it  is  lamentable  that  the  world  will  not  consent  to  adopt  real 
improvements  without  so  much  effort.  We  see  the  advantages  of  an 
improvement  to  be  so  great  that  when  we  cannot  get  our  ideas  adopled 
we  feel  justified  in  using  such  words  as  "stupidity,"  "  prejudice"  and 
many  others  of  the  large  assortment  of  denunciatory  words  which  seem 
to  give  temporary  relief,  but  the  fact  remains  that  it  requires  force  to 
overcome  mental  obstacles  as  v^ell  as  mountains,  and  as  engineers  it 
would  be  wise  to  study  this  subject  as  we  would  any  other  engineering 
project  by  counting  the  costs  and  carefully  considering  the  elements 
of  success  or  failure  before  we  rush  into  a  project  affecting  such 
vast  interests,  and  m}'  plea  is  that  this  inertia  of  the  mind — 
perhaps  a  better  term  would  be  preoccu[)ation  of  the  mind — causing  dif- 
ficulty in  getting  men  to  change  from  estabhshed  usages,  is  an  obstacle 
whicli  it  would  cost  more  to  overcome  than  the  benefits  to  be  derived 
from  even  a  desirable  change  of  this  kind.  If  the  reform  is  desirable  at 
all,  it  is  desirable  for  the  same  reason  that  a  railroad  is,  because  it  wUl 
facilitate  other  industrial  transactions,  and  even  as  the  raili'oad  is  to  be 
built  only  wlien  the  saving  in  future  business  is  to  be  largely  in  excess 
of  the  cost  of  construction,  so,  in  like  manner,  engineers  should  count 
the  cost  before  attempting  to  break  up  an  established  usage.  Those  who 
know  me  best  do  not  accuse  me  of  an  undue  reverence  for  established 
usages  or  opinions,  but  when  a  usage  or  opinion  has  run  the 
gauntlet  of  would-be  reformers  through  the  successive  generations 
from  prehistoric  times,  it  is  safe  to  be  a  little  cautious  about  assert- 
ing that  it  has  not  in  it  some  elements  of  strength  and  adaptation  to 
the  best  interests  of  mankind.  Usages  and  opinions  are  not  valuable  be- 
cause old,  but  age  is  a  presumj^tion  in  favor  of  usefulness,  and  even  when 
found  not  useful  or  injurious  their  age  and  necessarily  firm  hold  on  the 
minds  of  men  is  a  factor  to  be  considered  in  the  cost  of  removal.  To 
illustrate,  let  us  take  a  closely  allied  subject.  Our  much  lauded  decimal 
notation.  A  very  little  dispassionate  study  will  show  that  a  duodecmial 
system  would  be  far  preferable.  I  trust  you  Avill  all  accept  this  state 
ment  without  argument,  but  habits  of  thought  through  countless 
generations  have  run  in  the  decimal  groove,  and  I  doubt  not  a 
simple  process  of  duodecimal  multiplication  would  fully  tax  the  mental 
powers  of  any  of  us.  The  five  fingers  of  our  hands  may  have  served 
many  useful  purposes,  but  the  number  was  a  mistake  as  the  basis  for  a 
system  of  notation.  Though  we  have  no  records  of  that  great  comro- 
versy,  we  may  safel}^  assume  that  there  was  a  struggle  of  gigantic 
proportions  when  either  the  12  inches  were  placed  together  to  form  a  foot 
or  the  foot  was  divided  into  12  parts  or  the  yard  and  circle  into  multi- 
ples of  12 — a  struggle  similar  to  the  present,  with  probably  this  differ- 
ence, that  in  that  case  it  was  the  men  of  science  who  had  devised  a  really 
scientific  basis  against  the  common  people,  whereas  to-day  it  is  men  of 
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science  introducing  a  reform,  opposed  by  equally  scientific  men  backed 
up  by  the  masses.  In  imagination  we  can  trace  the  struggle.  On  one 
side  the  noble  enthusiasm  for  a  grand  idea,  on  the  other,  conservatism 
manifested  in  crude  arguments  for  established  methods  of  the  fathers, 
backed  by  the  impossibility  of  getting  the  masses  to  think  at  all  on  the 
subject.  We  see  partif^l  success  of  the  reform  among  men  of  excep- 
tionably  attainments,  such  as  mechanics  and  astronomers,  but  the  palm 
tree  lives,  and  twelfth  divisions,  and  calculations  make  little  progress, 
while  nearly  the  whole  world  is  to-day  trying  to  extend  the  unscientific, 
comparatively  inconvenient  finger-counting  method  which  came  in  with 
the  first  dawn  of  savage  intelligence — a  method  of  which  we  may  truly 
say  what  we  cannot  say  of  any  unit  of  lueasure,  that  if  all  records  of  it 
were  wiped  out  the  savages  would  count  their  fingers  and  reproduce  it. 
A  system  with  13  in  place  of  10  for  its  base  would  be  much  the  best, 
but  it  is  not  likely  any  of  us  would  advise  an  attempt  to  make  the  change. 

The  principal  object  of  our  meetings  is  to  devise  and  extend  better 
methods  of  work,  in  other  words,  to  promote  reform. 

Between  the  improvements  we  would  all  advise  working  for,  and  an 
effort  to  adopt  the  duodecimal  system  for  calculations  or  a  project  to 
build  a  railroad  to  the  north  pole,  where  shall  we  draw  the  line  ?  In  the 
language  of  P.Henry,  "I  know  not  what  others  may  say,  but  as  for 
me,"  I  would  draw  the  line  a  long  way  below  an  attempt  to  establish  a 
new  unit.  The  effort  to  introduce  a  new  unit  is  not  simply  a  waste  of 
energy,  it  is  a  positive  damage,  because  every  success  achieved  is  adding 
to  the  confusion  we  already  have.  The  vine  may  serve  some  useful  pur" 
poses,  but  wiien  it  dies  its  branches  are  unsightly. 

In  our  real  estate  records  you  can  find  such  dimensions  as  chains, 
links,  rods,  feet,  inches,  miles,  acres,  roods,  square  rods,  square  feet  and 
both  vulgar  and  decimal  fractions  of  each,  the  multiplicity  of  which  are 
confusing,  and  to  make  the  confusion  complete  requires  only  the  intro- 
duction of  a  few  dozen  more  ending  in  '"tre."  There  was  some  excuse  fgr 
Gunter  to  introduce  the  100-link  chain  to  adapt  land  measure  by  the  acre 
to  the  decimal  system,  but  he  took  a  unit  easily  convertible  into  the  pre- 
viously used  units;  in  other  words,  he  did  not  repeat  the  Canutism  of 
manifesting  an  utter  contempt  for  that  which  was  established  ;  while  the 
authors  of  the  metre  evidently  having  that  contempt,  manifested  it  by 
devising  a  unit  inconvertible  into  any  established  unit,  thus  adding  to 
the  difficulty  of  making  the  change,  while  the  change  could  only  be  use- 
ful by  saving  labor,  after  it  should  supplant  other  methods.  Could 
blind  rage  and  educated  stupidity  have  blundered  more  than  this  ?  If 
provocations  and  motives  were  a  part  of  my  theme  much  might  be  said 
in  defense  of  those  men,  but  recognizing  that  good  motives  are  so  plenti- 
ful in  a  certain  country  as  to  be  used  for  paving  stones,  it  is  wisdom  for 
us  to  ignore  them  and  discuss  things  as  we  find  them  with  reference  to 
their  probable  usefulness. 

I  am  aware  that  the  metric  system  is  fascinating,  with  its  method  of 
combining  measurements  of  all  extensions  and  weights,  and  we  may 
assume  with  some  show  of  reason  that  had  the  schoolmen  been  on  earth 
at  the  beginning,  and  had  been  given  the  superintendence  of  affairs,  many 
beautiful  theories  would  have  been  worked  out,  and  the  face  of  nature 
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and  tlie  condition  of  human  society  would  have  been  quite  different  from 
what  we  find.  The  rivers  which  are  so  wastefully  running  away  to  the 
sea  and  wearing  channels  where  none  are  needed,  might  just  as  well 
have  saved  us  so  much  expense  in  digging  canals.  A  universal  language 
would  have  been  adopted  without  a  dissenting  vote  by  such  wise 
managers.  Fine  theories  are  well,  but  to  be  worthy  to'  supplant  the 
established,  a  system  must  be  well  devised  and  its  £U|)eriority  to  the 
established  must  be  great  to  compensate  for  the  change.  There  are 
hoary -headed  errors  which  it  is  to  be  hoped  we  will  outgrow,  but  tliere 
was  much  worldly  wisdom  in  that  old  farmer  who  refused  to  allow  his 
wheat  to  be  destroyed  because  his  enemy  had  sown  a  few  tares  in  the 
field.  We  can  imagme  he  indulged  in  some  justifiable  uncompli- 
mentary remarks,  but  he  displayed  the  wisdom  of  a  sensible  engineer 
by  counting  the  cost,  gracefully  accepting  the  situation  and  abiding 
bis  time. 

T  have  said  the  theory  of  the  metric  system  is  fascinating.  "Why 
ma,"  said  the  little  girl,  as  with  dilated  eyes  she  had  been  listening  to 
her  mother's  description  of  heaven,  ''  Whj-  ma,"  said  she,  "if  it  is  a  suck 
in,  what  a  big  suck  in  it  is."  Though  I  was  at  first  fascinated  by  the  sys" 
tem,  and  disposed  to  work  for  its  adoption,  I  now  feel  it  to  be  a  great 
mistake,  and  a  mournful  mistake,  because  I  see  in  it  that  which  would 
not  be  an  improvement  on  what  we  have,  if  adopted,  and  that  a  partial 
adoption,  which  is  sure  to  be  the  only  result  of  effort,  will  only  result  in 
more  confusion  where  now  we  have  too  much.  And  my  feelings  are 
still  more  mournful  because  I  see  that  had  the  foot  been  adopted  as  the 
unit,  so  much  good  miglit  have  been  done,  with  no  harm,  by  the  efforts 
which  have  been  put  forth. 
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[By  Julius  M.  Howells,  Member  of  the  Western  Society  of  Exgixeers.] 
[Read  AprU  6,  1886.] 

One  of  the  tedious  tasks  that  falls  to  the  engineer  of  small  cities  is  that 
of  making  out  time-tables,  from  year  to  year,  for  the  lighting  of  public 
lamps.  This  task  misht  seem  comparatively  easy  to  one  who  had  never 
undertaken  it,  and  hardly  of  sufficient  importance  to  warrant  making  it 
the  subject  of  a  paper. 

It  would  seem  but  a  simple  affair  to  procure  a  copy  of  the  tables  used 
in  Philadelphia  and  elsewhere  and  follow  the  short  but  comprehensive 
directions  printed  with  those  tables.  These  directions,  however,  are  not 
definite  and  particular  enough  for  an  efficient  distribution  of  light  over 
the  time  required  to  be  lighted,  and  allow  a  waste  at  other  times  :  for 
which  reason  1  began  at  the  bottom  of  the  whole  matter,  and  from  a 
series  of  experiments  on  the  light  afforded  by  twilight  and  the  various 
phases  of  the  moon  made  out  a  schedule  differing  considerably  from 
other  tables  in  common  use. 

This  subject  deserves  attention,  for  certainly  hundreds  of  lamps  to  be 
burning  while  the  streets  are  amply  lighted  from  the  natural  source  is  a 
great  waste.     Also   is  it   very  inconvenient  to  have  no  light   at  times, 
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either  naturally  or  artificially.  More  particularly  does  this  subject  seem 
important  at  the  present  time,  as  gas-light  may  soon  be  generallj'^  super- 
seded by  electric  light,  Avhen  lighting  and  extinguishing  requires  but  the 
movement  of  the  hand.  Thus,  as  an  instance,  when  a  city  is  depending 
on  a  half  moon  for  light,  and  clouds  should  come  up  to  obscure  its  light, 
it  would  be  but  a  simple  operation  to  bring  the  public  lamps  into 
effect. 

In  lighting  cities  by  any  method  it  is  very  desirable  to  have  an  eco- 
nomicallj'  disposed  lighting  schedule.  If  a  city  is  limited  to  2,000  or  3.300 
hours  of  lamp-light  for  the  year,  which  latter  amount  is  ample,  it 
requires  a  very  nice  distribution  of  light  to  avoid,  at  times,  total  dark- 
ness. Some  cities  in  public  lighting  take  no  cognizance  of  moonlight, 
and  street  lamps  blaze  all  night  long  ;  their  flames  look  pale  enough, 
almost  casting  shadows  in  the  bright  light  of  a  harvest  moon.  This 
thriftless  disregard  for  economy  is  inexplicable,  when  with  a  properly 
organized  lamp-lighting  force  a  tenth  part  of  the  light  burned  during 
moonlight  nights,  put  at  the  disposal  of  an  efficient  officer — say,  the  chief 
of  police — would  light  the  nights  when  clouds  obscure  the  moon,  and  the 
whole  period  of  moonlight  nights  would  be  just  as  well  lighted.  Such 
an  officer  gets  ample  warning  from  the  signal  service  reports,  and  from 
an  outlook  for  sudden  changes  of  weather,  and  could  order  lamps  lit  and 
have  them  burning  almost  before  the  sky  could  become  overcast. 

Some  cities  light  up  in  the  evening,  and  extinguish  at,  or  soon  after, 
midnight.  In  such  a  place  one  %vho  finds  it  necessary  to  venture  out 
after  lights  are  extinguished,  unless  provided  with  a  lantern,  finds  out 
the  inconvenience  of  such  a  plan,  often  to  his  sorrow,  if  not  his  peril. 

It  is  net  my  object  to  advocate  the  burning  of  more  gas  than  the  finances 
of  a  place  will  warrant.  Some  towns  find  it  necessary  to  go  without 
public  lamps  altogether.  But  I  do  urge,  for  cities  where  public  lamps  are 
in  use,  that  more  attention  be  given  to  securing  an  economical  distribu- 
tion of  light. 

I  used  this  plaii  in  making  out  my  schedule:  first,  by  the  adoption  of  a 
minimum  limit  for  daylight  which,  in  the  particular  class  of  a  city  con- 
sidered, is  no  more  than  sufficient  for  people  to  see  to  walk  and  drive  ; 
second,  to  determine  by  experiment  what  proportion  of  twilight  will 
furnish  more  light  than  this  minimum  limit;  and  what  is  the  least  phase 
of  the  moon  to  be  used  and  how  high  must  it  be  at  it=!  various  phases  to 
furnish  more  light  than  this  minimum  limit.  After  these  data  had  been 
satisfactorily  determined,  I  used  such  part  of  the  moonlight  and  such 
per  cent,  of  twilight  determined  as  above,  and  set  aside  about  135  hours 
to  be  used  when  clouds  darkened  the  moon  and  twilight.  In  reserving 
these  extra  hours  their  number  is,  of  course,  influenced  by  local  climate. 

The  conditions  under  which  our  experiments  were  made  were  these, 
viz.,  a  city  of  18,000  inhabitants,  lighted  by  366  public  gas  lamps  of  16 
candle-power  ;  width  of  streets  from  50  to  80  feet ;  business  houses  on  the 
broadest  streets  and  standing  on  line  of  street ;  the  buildings  in  blocks 
so  that  the  moon  does  not  shine  between  them  ;  there  are  no  shade  trees 
on  business  streets.  The  residence  streets  average  66  feet  wide  ;  houses 
in  some  instances  stand  on  the  line  of  tbe  street,  but  are  separate,  allow- 
ing the  moon  to  shine  between  them  ;  here  there  are  many  shade  trees. 
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Aa  to  climate,  about  the  average  amount  of  cloudy  weather  for  au  inland 
city,  and  little  foR  or  smoke. 

First  as  to  moonlight.  Under  these  conditions  we  find  when  the  moon 
is  full  and  half  an  hour  up  it  shines  high  up  on  the  faces  of  business 
buildings  facing  East  and  West,  and  at  this  phase  and  time,  after  mising 
the  minimum  limit  of  light,  is  reflected  to  the  street.  Here,  also,  shop 
windows  ra-dy  add  much  to  the  light.  On  resident  streets  also,  when  the 
moon  is  full  and  half  an  hour  up  it  shines  between  the  houses  and 
through  the  trees  as  well  as  being  somewhat  reflected,  furnishing  light 
more  than  tlie  minimum  limit.  Next  as  to  the  least  phase  of  the  moon 
when  its  light  exceeds  the  limit  and  how  high  must  it  be.  Our  experi- 
ments proved  that  the  moon  at  one  day  larger  than  at  one-eighth  and 
two  hours  high  will  give  light  in  the  streets  to  exceed  the  minimum. 
Also  that  the  moon  for  lighting  is  practically  full  for  three  days. 

We  now  proceed  to  schedule  our  conclusions  for  those  days  first,  when 
the  moon  would  affect  the  time  of  lighting  and  extinguishing.  Also 
adopting  this  rule  as  conforming  to  the  conclusions  drawn  ;  viz.,  one 
hour  and  forty  minutes  equals  the  time  the  moon  should  be  up  at  either 
quarter  ;  and  increasing  this  time  toward  new  moon  and  diminishing 
toward  full  moon  ten  minutes  each  day  ;  make  two  hours  the  greatest 
limit  and  leaving  the  least  limit  to  fix  itself  by  reaching  the  time  of  full 
moon  all  night. 

The  following  is  the  moonlight  schedule  : 

(COPIED   FROM    CALCULATIONS   FOR   JUNE,  1885.) 


Day  of  month 

Phase  of  moon 

1 

h    m 
1  00 

ib  13 

ii  13 

2 

h   m 

1  10 

io  48 
11  58 

S 

h    m 
I  20 

illM 

12  43 

4 

h   m 
1  30 

li  56 

■  i'  26 

5 

H 

h   m 
1  40 

12  28 

'2  08 

6 

h   m 

1  50 

7 

h   m 
2  0 

8 
b    m 

12 

N'w 

bm 

16 

17 

Time  tj  light  before 
mooii  sets,  or  to  f  x- 
tineruish  after  moon 
rises  

b   m 
ii'  17 

h   m 

2  CO 

11  51 

1  00 
'2  "50 

1  32 
3  32 

2  08 

Time  to  light  lamps 
Timetoexfg'sh  " 

9  51 

Day  of  month 

18 

h    m 

1  50 

12  24 

io  34 

19 

h    m 

1  40 

12  56 

11  16 

20 

21 

22 

23 

24 

hm 

50 

25 

hm 

40 

26 

h  m 
30 

27 
F'U 

h  m 

3u 

28 

hm 
30 

813 

29 

h  m 

40 

8'56 

30 

Time  to  light  before 
moon  sets,  or  to  ex- 
tinguish a''t€r  moon 
rises     

h    m 
1  30 
1  29 

h   ra 

1  '^0 

2  05 

hm 

1  10 

2  43 

h  m 
100 
3  23 

2  33 

h   m 
50 

9  25 

Time  to  light  lamps 
Time  to  extg'sh  " 

12  00 

12  45 

133 

930 

10  15 

Before  considering  twilight  let  us  look  at  the  ''Directions  for  Public 
Lighting"  used  by  the  City  of  Philadelphia,  from  which  are  made 
standard  tables.  They  are  :  "  Light  half  hour  after  sun  sets.  Light  one 
hour  before  moon  sets.  Extinguish  one  hour  before  sun  rises.  Ex- 
tinguish one  hour  Jifter  moon  rises." 

From  what  has  been  shown  regarding  the  light  afforded  by  the  moon 
in  all  its  phases,  these  directions  must  at  once  appear  altogether  too 
general.  As  to  twilight,  when  we  remember  that  the  length  varies  from 
two  hours  and  six  minutes  in  June  to  one  hour  and  thirty-two  minutes  in 
September,  it  is  easy  to  see  that  the  use  of  a7iy  constant  the  year  around 
gives  no  uniform  limit  of  light. 
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In  my  experiments  the  length  of  twilight  was  determined  for  each 
day  of  the  year  and  60  per  cent,  of  it  used,  as  found  to  be  sufficient  for 
street-lighting.  The  time  when  twilight  began  and  ceased  was  conven- 
iently determined  by  a  movable  planisphere  of  the  heavens,  accurately 
made  by  Aldison  H.  Study,  of  Richmond,  Ind.,  to  whom  I  am  indebted 
for  its  use.  Thus  we  schedule  the  calculations  for  twilight  as  for  moon- 
light, setting  in  their  proper  columns  the  results  taken  from  the  above 
table  for  moonlight.  In  the  schedule  the  moonlight  results  are  sepa- 
rated from  the  twilight  results  by  a  *. 


Days  of  month 

60  per  cent,  of  twilight 

'lime  sun  sets  

•'     r!ses  ...    

Time  to  light  lamps,  to  nearest  5  min. 

Time  to  extinguish,  to  nearest  5  min. . 

Number  Hours  lighted 

Days  of  month     

60  per  cent,  of  twilight 

Time  sun  sets 

•■     lises 

Time  to  light  lamps,  to  nearest  5  min. 

Time  to  exiioguish.  to  nearest  5  min. 

Numtier  hours  lighted    

Days  of  month 

60  per  cent  tn'ilight 

Time  sun  sets 

"       •'     rises 

Time  to  light  lamps,  to  nearest  rt  min. 
Time  to  extinguish,  to  nearett  o  min . . 

Number  hours  lighted 


1 
h  m 

1  14 

7  22 
4  33 

8  35 
11  13 

2  40 


2 
h  m 
1  14 

7  23 
4  33 

8  35 
12  00 

3  25 


3 
b  m 
1  14 

7  23 

4:i2 

8  40 
12  45 

4  05 


4 
h  m 
115 

7  24 
4  32 

8  40 
I  25 
4  4.5 


5 
h  m 

1  15 

7  25 

4  3-J 

8  40 

2  10 

5  30 


6 
h  m 
115 

7  26 
4  32 

8  40 


h  m 

1  15 

7  26 
4  31 

8  40 


2  50»3  15 
6  1016  35 


h  m 
1  15 

7  26 
431 

8  40 
3  15 
6  35 


9 
h  m 
1  15 

7  27 
4  31 
840 
3  15 
6  35 


10 
h  m 
1  15 

7  27 
4  31 

8  40 
3  15 
6  35 


11 

12 

13 

14 

15 

16 

17 

18 

19 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

1  16 

1  IH 

1  16 

1  16 

1  16 

1  16 

1  16 

1  17 

1  17 

7  37 

7  2S 

7  28 

7  29 

7';9 

7  30 

7  30 

7  31 

7  31 

4  31 

4  31 

4  31 

4  31 

4  31 

431 

4  31 

4  31 

4  31 

8  45 

8  45 

8  45 

8  45 

8  45 

8  45*9  50 

10  .i5 

11  15 

3  15 

i1^ 

3  15 

3  15 

3  15 

3  1513  15 

3  15 

3  15 

6  30 

6  30 

6  30 

6  30 

6  30 

6  30 

5  26 

4  40 

4  00 

20 
h  m 
117 
7  31 
4  31 
12  00 
3  15 
315 


21 

22 

23 

24 

25 

26 

27 

28 

29 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

1  17 

1  17 

1  17 

1  17 

1  17 

1  17 

1  17 

117 

1  17 

7  31 

;■  32 

7  3> 

7  32 

7  32 

7  2 

7  32 

7  32 

7  32 

4  31 

4  32 

4  32 

4  32 

4:',2 

4  32 

4  3J 

4  32 

4  32 

12  45 

1  35 

8.50 

3  15 

3  15 

9.'?0 

2  30 

Not 

light  e 

d. 

30 
h  m 
1  17 

7  32 
4  32 

8  50 
10  15 

125 


In  combining  the  two  foregoiug  tables  for  moonlight  and  twilight,  it 
is  obvious  where  the  one  should  leave  off,  and  the  other  commence,  as 
the  ijoint  of  change  is  where  the  two  tables  approach  the  same  time.  Next 
we  calculate  the  hours  of  gas-light,  and  when  they  are  for  any  night  less 
tlian  one  hour  and  80  minutes  it  is  not  worth  while  to  light  up  ;  unless 
such  short  interval  of  darkness  occurs  early  in  the  evening,  when  many 
people  are  out,  when  it  may  be  best  to  light  up  for  a  single  hour. 

Lastly  we  foot  the  hours  lighted  for  the  entire  year,  and  find  we  have 
about  2,000  hours.  If  our  contract  with  the  gas  company  is  for  2,200  we 
have  still  some  to  spare.  We  can  make  our  table  to  light  15  min.  earlier 
through  the  entire  year,  which  we  had  better  do,  leaving  the  extinguish- 
ing at  the  first  schedule  time,  except  where,  on  account  of  moon,  we  ex- 
tinguish before  eleven  o'clock,  on  which  nights  we  might  extinguish  ten 
minutes  later. 

This  completes  our  table.  We  again  foot  up  the  hours  lighted,  and 
have  still  some  125  hours  w^hich  are  reserved  to  be  ordered  used  when 
clouds  obscure  the  moon. 

I  have  the  length  of  nights,  twilight,  etc.,  expressed  graphically  on  a 
large  sheet,  from  which  it  is  a  simple  operation  to  read  off  the  minimum 
limits  of  light  as  shown  by  the  above  twilight  table. 


ASSOCIATION  OF  ENGINEEEING  SOCIETIES. 

IPItOCEEIDinsrGrS. 
BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


JrNE  1(3,  1S8(?  :— A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  and  called  to  order  at  7:45  p.  si.,  Mr.  E.  W.  Howe  in  the  chair,  nineteen 
Members  and  three  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mi-.  C.  H.  Haswell  was  elected  an  Honorary  Member.  Mr.  Arthur  Winslow 
was  elected  a  Member  of  this  Society. 

Mr.  Ephraim  Harrington  was  proposed  for  membership,  recommended  by 
H.  Manley  and  H.  L.  Eaton. 

Mr.  Gabriel  A.  Bobrick  was  proposed  for  membership,  recommended  by  C.  S. 
Parsons  and  S.  E.  Tinkham. 

The  amendments  to  the  Constitution  proposed  in  writing  and  adopted  at  the 
last  regular  meeting  were  adopted  by  the  following  vote  : 

Aiticle  Fourteen — Affirmative,  13  ;  negative,  0. 

Article  Fifteen — Affirmative,  11  ;  negative,  0. 

The  Committee  on  Furnishing  Rooms  and  Transfer  of  Library  reported  that  the 
duties  assigned  it  had  been  completed  at  a  cost  of  S  188.09.  The  report  of  the 
Committee  was  accepted,  and  the  Committee  discharged. 

On  motion  of  Mr.  H.  Manley  it  was  voted  :  That  a  committee  of  three  be  ap- 
pointed Dy  the  Chair  to  nominate  an  additional  representative  on  the  Board  of 
Managers  of  the  Journal  of  the  Association  of  Engineerng  Societies.  The 
Committee  as  appointed  consist.^  of  D.  Fitz  Gerald,  F.  P.  Stearns,  F.  O.  Whitney. 

On  motion  it  was  voted  :  That  the  July  and  August  meetings  be  omitted. 

Mr.  A.  D .  Marble  read  a  paper  on  "The  Improvement  and  Drainage  of  the 
Spicket  River  Valley,  Lawrence,  Mass." 

Mr.  Desmond  Fitz  Gerald  described  the  work  done  in  the  removal  of  the  shallow 
flowage  from  the  Sud  bury  River  stowage  basins,  Boston  water-works. 

The  bad  position  in  which  the  city  of  Boston  was  placed  in  1872  from  lack  of  an 
adequate  supply  of  water  v.-as  briefly  alluded  to,  after  which  a  short  account  was 
given  of  the  methods  of  constnicting  the  basins  on  the  Sudbury  River  supply, 
which  consisted  in  cutting  off  the  trees,  damming  up  the  streams  and  filling  the 
basins,  with  but  little  attention  to  the  loam  on  the  sides  of  the  valleys  or  the  con 
ditiou  of  the  bottom. 

The  basins  were  8]led  in  1878  and  1879.  In  a  few  years  a  very  bad  taste 
developed  in  the  water,  rendering  it  unfit  for  domestic  use.  The  different  growths 
of  algaj  and  spongilla  were  described  and  some  of  their  habits  given.  Then  fol- 
lowed an  investigation  by  a  sanitary  committee,  who  decided  that  the  loam  and 
shallow  flowage  in  the  basins  were  largely  accountable  for  the  trouble.  An  ap- 
propriation of  .^125,000  for  removing  the  shallow  flowage  from  Basin  III.  and 
s80,000  for  Basin  II.  was  secured.  In  1883  the  speaker  was  charged  with  the 
duty  of  remodeling  the  shores  of  Basin  II.,  and  a  favorable  working  season 
enabled  the  work  to  be  completed  before  the  ground  was  frozen.  The  plan  con- 
sisted in  brief  m  filling  up  the  shallow  portions  and  excavating  others  so  as  to 
leave  nowhere  around  the  margin  of  the  lake  less  than  ten  feet  depth  of  water, 
and  with  gravel  slopes  exposed  to  the  water. 

In  carrying  out  this  plan  the  shore  lines  were  very  much  straightened  by  filling 
the  shallow  bays,  cutting  off  shallow  points,  etc. 
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To  accomplish  this  result,  more  than  130,000  cubic  yards  of  loam  and  gravel 
were  moved,  and  a  large  amount  of  rip-rapping  placed.  The  total  cost  came 
inside  of  the  estimate,  and  a  rather  more  comprehensive  plan  was  carried  out  than 
originally  intended. 

Basin  III.  is  now  under  the  same  course  of  treatment,  but  here  nearly  300,000 
cubic  yards  of  material  must  be  moved.  Ten  contracts  are  now  being  executed, 
and  the  price  varies  from  22  to  31  cents  per  cubic  yard. 

The  speaker  expressed  the  opinion  that  the  improvement  would  probably  pay  for 
its  cost  in  insuring  a  better  condition  of  the  supply,  and  showed  his  reasons  for 
believing  the  changes  would  affect  the  temperature  of  the  water  and  the  wash  on 
the  sides  of  the  basin,  though  it  was  rather  soon  to  say  definitely  how  far  the  im- 
provements would  stop  the  growth  of  algge  and  prevent  the  fermentation  of  the 
water  in  the  basins.  The  work  is  being  pushed  vigorously  and  under  favorable 
conditions  for  its  early  completion.  The  gravel  slopes  are  mostly  three  to  one, 
and  the  embankments  are  built  only  one  foot  above  extreme  high-water  mark. 
The  stumps  were  found  to  be  offensive  in  many  cases,  and  they  are  all  to  be  re- 
moved, even  where  found  below  the  limits  of  shallow  flowage. 

The  Committee  appointed  to  nominate  an  additional  representative  on  the 
Board  of  Managers  of  the  Journal  of  the  Association  of  Engineering  So- 
cieties reported  the  name  of  Prof.  Winfield  S.  Chaplin,  and  a  ballot  being  taken, 
he  was  declared  elected. 

[Adjourned.]  H.  L.  Eaton,  Secretary. 


Editors  reprinting  (irticlfs/rom  this  jouriKtl  are 
requested  to  credit  both  the  Jotrnal  (tnd  the 
Society  be/ore  which  such  articles  were  read. 
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KUTTERS    FORMULA    AND    ITS    APPLICA.TION    TO   CIRCULAR 

SEWERS. 


By  Robt.  Moore  and  Julius  Baier,  Members  of  the  ENrnxEERs'  Club  of 

St.  Louis. 
[Read  April  7,  1886.] 


In  the  Journal  for  December,  1881,*  was  given  a  series  of  tables  show, 
ing  the  diameters  of  circular  sewers  for  various  conditions  of  grade  and 
drainage  area.  As  there  stated,  these  tables  vpere  constructed  for  actual 
use  in  the  St.  Louis  Sewer  Department,  and  were  found  to  be  of  great 
practical  utility  and  convenience.  The  formula  used  in  their  construc- 
tion was  that  of  Weisbach  transformed  to  suit  the  special  case  of  a  cir- 
cular conduit  with  a  depth  of  water  equal  to  three-fourths  the  diameter. 
Upon  re-examining  these  tables  with  a  view  to  enlarging  their  scope  and 
increasing  their  value,  it  has  seemed  best  to  wholly  recast  and  recompute 
them  upon  a  different  basis  and  from  another  formula.  The  reasons 
for  so  doing  are  : 

First.  The  height  of  water  used  in  these  tables — three -fourths  the 
diameter— being  a  purely  arbitrary  point  and  corresponding  to  no  natu 
ral  limit,  does  not  commend  itself  as  a  satisfactory  basis  for  tables  of 
this  kind.  Nor  do  the  limits  of  full,  two-thirds  full  and  half  full,  used  in 
other  tables,  seem  to  be  any  better  ;  the  two  latter  being  open  the  same 
objection  already  named,  that  they  are  purely  arbitrary  ;  and  the  first 
because,  as  noted  hereafter,  no  sewer  is  ever  full  as  a  matter  of  fact 
except  when  put  under  pressure,  and  thereby  subjected  to  strains  which 
it  ought  never  to  bear. 

In  searching  for  a  more  natural  and  satisfactory  basis,  the  one  most 
clearly  indicated  by  the  facts  themselves  is  the  point  of  maximum  dis- 
charge, which,  as  will  be  shown  further  on,  corresponds  to  neither  of  the 
limits  already  mentioned,  but,  according  to  the  formula  used  in  this  paper, 
is  reached  when  the  height  of  water  is  about  93  per  cent,  of  the  diameter. 
At  this  point,  and  this  only,  we  reach  the  full  value  of  the  conduit  to 
meet  the  end  for  which  it  is  built,  and  can  compare  its  capacity  correctly 
with  other  works  of  the  same  kind  as  we  cannot  do  at  any  other  point. 

*  Tables  for  determining  the  proper  sizes  of  sewers.  By  Robert  Moore.  Journal 
Assoc.  Eno.  Soc,  Vol.  1,  p.  64. 
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And  if  it  be  objected  that  this  extreme  limit  does  not  give  us  the  margir> 
for  safety  which  is  given  by  the  other  limits  named,  and  is  needed  in  al£ 
engineering  structures,  we  have  only  to  answer  that  this  margin  is  given 
mamuchmoie  scientific  and  satisfactory  manner  by  simply  adding  a 
definite  percentage  to  the  required  discharge  and  proportioning  the  sewer 
therefor.  In  this  manner  any  desired  factor  of  safety  can  be  used  and 
carried  uniformly  through  the  sjstem  much  more  easily  than  by  any 
other  method.  The  point  of  maximum  discharge  was,  therefore,  adopted 
as  the  basis  of  the  proposed  revision. 

Second.  The  formula  of  Weisbacb,  though  derived  from  actual  exper- 
iments, many  of  them  by  himself,  appears  in  the  light  of  later  investiga- 
tions and  larger  experiments  to  represent  correctly  but  a  limited  range 
of  facts,  and  to  be  unsound  when  extended  over  the  wider  scope  con- 
templated in  the  present  instance.  Admirably  simple  and  convenient  as 
it  is,  experimenters  since  his  time  have  shown  that  it  is  much  too  simple 
to  fully  express  the  complicated  group  of  facts  which  determine  the  flow 
of  water  in  channels  of  varied  inclinations,  sizes,  shapes  and  materials^ 
So  that  for  a  comprehensive  table,  a  formula  of  wider  range  is  required. 

In  order  properly  to  understand  the  relations  to  each  other  of  the  vari- 
ous formulas  for  the  flow  of  water  in  open  channels,  and  the  develop- 
ment which  they  have  undergone,  it  is  necessary  to  go  back  to  the  for- 
mula first  proposed  by  Chezy,  a  French  engineer,  in  the  latter  part  of  the 
eighteenth  century,  to  wit  : 

V=  c   \/  Rs, 
in  which 

V  =  Mean  velocity  of  the  water  in  feet  per  second. 

R  =  "Hydraulic  mean  radius" 

_  Area  in  square  feet  of  the  cross-section  of  water. 
~  Wetted  perimeter  in  lineal  feet. 

_,  Fall. 

S     =  Slope  =  :f -r- 

Length. 

c    =  A  co-efficient  determined  by  experiment. 

To  this  general  form  nearly  all  the  later  formulas  may  be  reduced,  the 
only  differences  being  in  the  values  given  by  different  mvesiigators  to 
the  co-efficient  c.     Thus  m  Weisbach's  formula  we  have 


v  =  ^/  ^rl'f^  v'i2«=V'^' 


in  vvhicli.  in  addition  to  the  symbols  ah-eady  given,  we  have 

2g  —  Acceleration  due  to  gravity, 

(i  and  fj  =  Empirical  constants. 
In  this  formula  it  will  be  observed  that  the  co-efficient  c  is  not  a  con. 
start,  but  varies  with  the  velocity  r.  The  values  given  by  Weisbach  to 
the  constants  a  and  fJ  are  such,  however,  that  the  variations  in  c  are  of 
comparatively  small  importance,  varying  for  English  measures  between 
84  and  9o,  or  about  10  per  cent.  The  values  of  these  constants  were,  as 
he  tells  us,  deduced  from  255  experiments,  most  of  which  were  made  by 
himself.*     But  it  would  appear  that  the  experiments  must  have  all   been 

*  sec  \\  eisbach's  Mechanics  of  Engineering,  Vol.  1 ,  p.  967.    Coxe's  translation. 
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made  upon  small  channels  with  nearly  uniform  hydraulic   radius.      For 
while  when  api^lied  to  small   channels  it   p;ives  results  agn-ein^;   very 
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closely   with   the  facts  when  applied   to  larger  ones,  exceeding  say  a 
12-inch  pipe,  the  calculated  velocities  are  much  too  small.* 

*  For  a  series  of  experimenis  with  l'.i-ircli  pipe,  agrreeine  very  closely  with  the  f'ir- 
mula,  see  account  of  gaugings  of  Compton  avenue  sewer,  St.  Louis,  Mo.,  in  Ameri  -an 
Eii'jineery  Vol.  1,  p.  159,  October,  1880. 
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Among  the  first  to  note  this  defect  of  the  Weisbach  formula  and  to 
propose  a  correction  were  tiie  French  engineers  Darcy  and  Bazin,  who 
made  an  extended  series  of  experiments  at  the  expense  of  the  govern- 
ment, the  results  of  which  were  first  published  in  1865.  The  formula 
proposed  by  them  is 

v=  Y~r~^i\  \/~^~  =  e  \/~^^ 

an  which  R  takes  the  place,  in  the  exj^ression  for  c,  which  is  given  by 
Weisbach  to  v,  and  a  and  Ij  become  variables  changing  with  the  rovigh- 
ness  of  the  sides  of  the  channel  ;  so  that  nothwithstanding  their  similarity 
of  appearance  the  two  formulas  express  laws  which  are  very  unlike. 

A  further  modification  of  the  formula  was  proposed  by  Ganguillet 
4ind  Kutter,  two  Swiss  engineers,  who,  starting  where  Darcy  and  Bazin 
left  off,  took  in  a  still  wider  range  of  facts  and  gave  a  much  more  compli- 
cated expression  for  c.  Their  formula,  with  values  of  the  constants  for 
Pleasures  in  English  feet,  is — 


V 


■41.,  ^  L?il  +  :«0281 

a  s 

'       ,  ,,  ^        .00281\       n~ 
1  4-    41.0  H -^^— 


y  a  s  =  c  V  Rs 


in  which,  besides  the  terms  ah'eady  explained,  there  appears  a  new  vari- 
able n,  whose  value  depends  upon  the  roughness  of  the  sides  of  the 
•channel,  and  which  is  therefore  called  the  "co-efficient  of  roughness." 

To  better  show  the  precise  effect  of  these  various  modifications  of  the 
fundamental  formula,  as  ^vell  as  how  the  results  agree  with  well  ascer- 
tained facts,  Fig.  1  has  been  constructed.  In  this  the  values  of  c 
'Obtained  from  the  different  formulas  are  plotted  as  curves,  and  along 
Twith  them  another  curve  giving  the  values  of  the  same  co-efficient 
'deduced  from  the  experiments  of  Messrs.  Fceley  and  Stearns  in  the  Sud- 
bury conduit  of  the  Boston  Water- Works — one  of  the  most  cai'ef  ully  con- 
ducted and  valuable  series  of  experiments  on  record.* 

In  applying  the  formulas  s  was  taken  as  3^Vtt>  the  actual  grade  of  the 
Sudbury  conduit,  and  Kutter's  n  was  taken  as  .013,  the  customary  value 
for  surfaces  of  brickwork.  In  plotting  from  Weisbach's  formula  the 
difficulty  occurred  that  inasmuch  as  the  values  of  c  are  constant  for 
different  values  of  v,  without  regard  to  changes  in  R,  they  cannot  be 
represented  by  anj  single  line,  but  only  by  a  series  of  lines,  parallel  to 
the  axis  of  R. 

To  indicate  the  field  in  which  these  lie,  two  lines  have  been  drawn  for 
limiting  values  of  v,  viz. : 

For  V  —  1    ft.  per  sec.  and  c  =  84, 
and  for  y  =  15  ft.  c  =  92.6. 

The  intermediate  values  of  c  will  lie  between  these  two  lines.  The 
values  for  the  Sudbury  conduit  are  taken  directly  from  the  table  given 
by  Messrs.  Fteley  and  Stearns,  the  full  line  indicating  values  given  by 
direct  experiment  and  the  dotted  line  values  given  by  computation. 

*  Pee  Transactions  American  Soc.  Civ.  Engrs  ,  1883,  p.  115:  also,  Official  Report, 
Additional  Supply.  Boston  Water-Works,  1882,  p.  92. 
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An  inspection  of  these  several  curves  shows  that  w'aile  at  one  point  the 
vahies  of  c  deduced  from  Weisbach's  formula  coincide  exactly  with  the 
Sudbury  experiments  at  all  other  points,  they   differ  from   them  very 
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widely  and  are  governed  by  a  wholly  different  law.  The  curves  of  the 
two  other  formulas  show  a  much  closer  correspondence  to  the  Sudbury 
curve,  that  of  the  Kutter  formula  being  considerably  the  closest,  showing 
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that  on  the  whole  it  most  nearly  represents  the  actual  facts.     It  was, 
therefore,  selected  as  the  one  to  be  used  in  the  proposed  revision. 

Upon  inspection  of  Kutter's  formula,  it  will  be  noted  that  the  value  of 
c  depends  upon  three  quantities,  n,  s  and  R,  each  of  which  may  vary 
independently  of  the  other.  To  show  the  relative  importance  of  these 
three  variables  as  affecting  the  value  of  c,  figures  2  and  3  were  con- 
structed. Figure  2  is  a  graphical  presentation  of  the  values  of  c  for 
different  values  of  R  and  s,  n  being  taken  as  constant  and  equal  to  .013. 
The  values  of  s  taken  are  1  in  10,  1  in  1,000  and  1  in  5,280,  and  cover  the 
whole  range  of  ordinary  cases.  The  proximity  of  the  several  ciu'ves  in 
the  figui'e  shows  that  the  effect  of  variations  in  .s  upon  the  value  of  c  is 
not  important,  the  extreme  effect  in  the  three  cases  shown  in  the  figure 
not  exceeding  'Si  per  cent.,  and  that  for  all  ordinary  cases,  extremely  flat 
slopes  alone  excepted,  s  may,  without  material  error,  be  treated  as  a 
constant. 

The  effect  of  the  other  two  variables  is  seen  in  Fig.  3,  in  which  are 
shown  the  values  of  c  for  different  values  of  R  and  n,  s  being  taken  as 
constant  and  equal  to  .001.  The  wide  divergence  of  the  curves  for  dif- 
ferent values  of  ?i  shows  the  effect  upon  c  of  changes  in  the  value  of  n 
to  be  very  great.  And  in  using  Kutter's  formula  more  depends  upon 
choosing  a  correct  value  for  n  than  upon  anything  else. 

In  the  application  of  this  formula  to  actual  cases.  Fig.  3  and  Table  I, 
which  both  present  the  same  facts,  only  in  different  forms,  will  be  found 
of  great  practical  convenience,  for  by  means  of  them  values  of  c  for  dif- 
ferent values  of  R  and  n  can  be  found  at  once  without  computation,  and 
the  chief  difiiculty  in  using  the  formula,  which  is  a  very  awkward  one> 
be  avoided.* 

It  has  been  already  stated  that  in  a  circular  conduit  not  under  pressure- 
the  maximum  velocity  and  maximum  discharge  occur  before  it  is  quite 
full.  To  show  the  law  of  these  facts  more  clearly  we  have  constructed 
Figure  4,  in  which  are  two  curves,  one  showing  the  variations  in  the 
velocity  as  the  water  rises  in  the  conduit,  and  the  other  the  correspond- 
ing variations  in  the  discharge.  The  same  facts  are  given  numerically  in 
Table  II.  In  both  the  diagram  and  the  table  the  maximum  velocity  and 
the  maximum  discharge  are  taken  as  unity,  and  the  velocity  and  dis- 
charge at  other  points  given  as  a  percentage.  Both  curves  were  com- 
puted from  Kutter's  formula,  taking  n  =  .013  and  s  =  .005.  As  will  be 
seen  from  the  diagram  the  greatest  velocity  occurs  when  the  depth  of 
water  is  81  per  cent,  of  the  diameter.  At  this  point  the  angle  of  the 
empty  segment  is  102"  33'  and  R  has  its  maximum  value  of  .3043  times 
the  diameter.    The  greatest  discharge  occurs  somewhat  later  when  the 

*  A  study  of  this  figure  will  also  iodicate  the  chief  defect  of  the  formula  pointed  out 
by  Mr.  Ellis  in  Transactions  of  Am.  Soc.  Civil  Engineers  for  1877,  viz.,  its  failure 
when  applied  to  very  large  streams,,  such  as  the  Mississippi  River.  It  will  be  noticed  that 
the  curves  tor  different  values  of  n,  which  indicate  the  effect  of  the  roughness  of  the 
sides,  continue  to  diverge  with  the  increasing  values  of  R,  whereas  they  ought  after  a 
time  to  converge.  For  as  a  fact,  as  the  channel  enlarges  the  effect  of  different  degrees 
of  roughness  of  the  sides  becomes  less  and  less,  and  the  curves  representing  it  should 
finally  merge  into  one.  This,  however,  is  only  another  illustration  of  the  extreme  diffi- 
culty of  framing  a  mathematical  expression  to  represent  fully  any  complicated  groups 
of  facts,  and  the  great  need  of  caution  in  using  even  the  most  approved  formulas. 
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TABLE  II. 

SHOWING    THE     IlELATIVE    VELOCITY     AND    HEL.VTIVE    DISCHARGE    KOR    VARIOUS 
DEPTHS   OK    WATER   IX    A   CIRCULAR   CONDUIT. 


Depth  of  water. 

Relative  velocity. 

Relative  di.scharge. 

.1 

.28 

.016 

.~ 

.48 

.072 

!25 

.57 

.118 

.3 

.64 

.168 

.4 

.76 

.302 

.5 

.86 

.450 

.6 

.93 

.620 

.7 

.98 

.776 

.75 

.99 

.850 

.8 

.99 

.912 

.81 

1.00 

.924 

.9 

.98 

.992 

.93 

.96  . 

1.000 

1.00 

.86 

916 

depth  is  93  per  cent,  of  the  diameter.     At  this  point  the  angle  of  the 
empty  segment  is  60  degrees  and  R  equals  .2914  times  the  diameter. 

In  planning  sewers  the  question  of  greatest  practical  importance,  and 
to  which  all  others  converge,  is  to  determine  tiie  proper  size  or  diameter 
of  the  conduit  necessary  to  meet  certain  fixed  requirements  of  discharge 
and  slope.  But  with  Kutter's  formula  this  happens  to  be  the  question 
of  all  others  most  difficult  to  answer.  Owing  to  the  complicated  nature 
of  the  formula,  it  is  not  i)racticable  to  form  an  equation  for  the  diameter 
in  terms  of  the  discharge  and  slope  alone.  B}^  assuming  values  for  the 
slope,  diameter,  and  co-efficient  of  roughness,  we  can  compute  the 
velocitj-,  and  from  this  the  discharge,  wiiich  is  simply  velocity  multiplied 
by  cross  section.  But  if,  on  the  other  hand,  we  desire  to  find  the  diam- 
eter corresponding  to  certain  conditions  of  slope,  discharge  and  rough- 
ness of  channel,  we  can  only  do  it  by  a  series  of  approximations  ;  i.  c, 
by  assuming  a  diameter  and  computing  the  discharge,  and  keep  trying 
until  a  diameter  is  found  which  gives  the  discharge  required. 

To  overcome  this  difficulty  was  the  object  of  figure  5,  which  was  con- 
structed by  computing  the  maximum  discharge  in  cubic  feet  per  second 
for  various  diameters  and  grades  and  joining  the  points  thus  found  by 
curves.  From  these  curves  we  can  easily  work  backwards  and  find 
directly  the  diameter  corresponding  to  given  conditions  of  discharge  and 
slope  as  we  cannot  from  the  formula,  and  Table  III.  was  constructed  in 
this  manner  by  scaling  from  the  diagram.  It  is,  of  course,  open  to  the 
objection  that  the  results  are  not  mathematically  exact,  but  as  they  are 
quite  as  exact  as  the  data  themselves,  in  wiiich  perfect  accuracy  is  im- 
possible, the  objection  is  without  force. 

Throughout  the  computations  the  value  of  n  was  taken  at  .013,  the 
ordinary  value  for  channels  of  brickwork.  As  will  be  seen  from  Figure 
1,  this  value  gives  velocities  less  than  the  Sudbury  experiments,  and  errs, 
therefore,  on  the  side  of  safety. 

In  addition  to  the  discharge  curves,  Figure  5  contains  two  curves 
which  indicate  velocity.  These  are  :  First,  a  curve  connecting  points  of 
discharge  and  diameter,  for  which  the  velocity  is  15  feet  per  second. 
Experience  shovvs  that   in    sewers  of  ordinary   brickwork   where  the 
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velocity  inucli  exceods  15  feet,  the  hricks  of  tlie  iiivort  are  very  ai)t  to  be 
loosened  and  the  whole  structure  thus  put  in  the  way  of  destruction. 
At  tliis  mouieiit  the  Camp  Spring  sewer  in  St.  Louis  is  underp;oing  ex- 
tensive repairs  due  to  this  cause.  For  long  sections  one  or  more  rings 
of  the  bottom  brickwork  are  gone  and  their  place  is  being  supjJied  by 
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Fig.  4. 
an  invert  made  of  granite  blocks.  And  numerous  other  similar  instances 
could  be  cited.  In  all  these  cases,  no  doubt  more  careful  work  in  original 
construction  might  have  preserved  the  sewers  for  many  years  even  under 
the  high  velocities,  but  for  all  this  we  shall  not  be  far  wrong  in  taking 
the  velocity  of  15  feet  per  second  as  a  danger  line  beyond  which  some- 
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thing  more  durable  than  ordinary  brickwork  is  needed  in  the  invert  to 
'nsure  stability. 

Second.  A  curve  of  velocity  of  three  feet  per  second  at  the  time  of 
minimum  flow,  which  is  assumed  to  be  when  the  depth  of  water  is  one- 
eighth  tne  diameter  and  the  discharge  one-fiftieth  of  the  maximum. 
This  velocity  is  chosen  as  about  the  least  that  will  insure  a  self -cleansing 
flow.  For  velocities  less  than  this,  flushing  of  some  sort,  either  natural 
or  artificial,  will  be  needed  unless  the  water  be  quite  free  from  sediment. 
In  Table  III.,  the  field  lying  between  these  two  lines  is  printed  in  heavy 
type.  Where  the  values  sought  lie  to  the  left  of  this  field  it  indicates 
that  flushing  will  be  needed  ;  where  they  lie  to  the  right,  it  indicates 
that  ordinary  brick  inverts  will  be  in  danger,  so  that  to  insure  perma- 
nence either  the  grade  must  be  lightened  or  the  mode  of  construction 
changed. 

In  this  table  it  will  be  further  noted  that  the  discharge  is  given  in  cubic 
feet  per  second  and  not  in  acres  drained,  although  the  latter  is  some- 
times the  more  convenient  unit.  The  conversion  of  one  into  the  other  is, 
however,  so  easy  that  there  seemed  to  be  no  reason  for  abandoning  the 
more  generally  useful  unit,  the  cubic  foot  per  second. 

Inasmuch  as  one  inch  of  rainfall  per  hour  per  acre  is  almost  exactly 
one  cubic  foot  per  second,*  we  have  only  to  multiply  the  number  of  acres 
to  be  drained  by  the  number  of  mches  per  hour  to  be  discharged  to  get 
the  number  of  cubic  feet  per  second.  For  example,  if  the  number  of 
acres  is  100  and  number  of  inches  per  hour  to  be  discharged  is  1.5,  we 
enter  the  table  with  ]50  cubic  feet  per  second. 

Comparing  the  figures  of  this  table  with  those  of  the  former  table 
computed  by  the  Weisbach  formula  for  one  inch  of  rainfall  per  hour,  we 
find  the  diameters  given  by  the  Kutter  formula  to  be  considerably  the 
smaller.  But  as  sew^ers  built  in  conformity  to  the  older  table  are  found 
by  actual  experience  to  be  none  too  large,  we  have  in  this  fact  additional 
evidence  of  what  is  quite  clear  from  other  sources,  viz.:  that  in  closely 
built  and  well-paved  cities  the  sewers  are  called  upon  in  heavy  showers 
to  carry  off  more  than  one  inch  of  rain  per  hour.  Just  how  much  this 
excess  is  can  only  be  determined  by  a  series  of  careful  observations,  of 
which,  unfortunately,  the  number  in  this  field,  as  in  too  many  other 
fields  of  engineering  inquiry,  is  extremely  small. 


A    DESIGN    FOR    A    STADIA    EOD. 


By  G.  a.  M.  Liljencrantz,  Member  of  the  Western  Society  of  Engineers. 
[Read  June  1,  1886.] 


The  stadia  rod  is  at  this  day  pretty  w-ell  known,  but  I  infer,  from  what 
I  have  heard,  that  there  are  many  surveyors  who  have  not  yet  learned  to 
appreciate  the  great  value  of  its  use. 

I  do  not  pretend  to  present  herewith  any  new  ideas  or  principles  with 
regard    to  the  theory  for  stadia  measurements.     The  paper  which  I  sub- 

*  One   inch  per  acre  per  hour  is  -^_ —  cubic  feet  per  hour,  or  ^ 


V^  ^  '         12  X  60   X  60 

'  =  1.0083  cubic  feet  per  second. 
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mit  for  your  consideration  is,  in  fact,  not  so 
—  imicha  treatise  witli  illustration  as  an  illus- 
tration with  explanations,  for  the  main 
j)oint  to  be  here  considered  is  a  "  design  for 
a  stadia  rod,"  which,  as  I  could  find  no  de- 
vice that  appeared  to  me  satisfactory,  I 
constructed  in  1881,  and  the  use  of  which  I 
have  found  very  satisfactory.  To  the  de- 
scription of  this  design  I  liave  added  a  few 
general  remarks  on  the  use  of  the  stadia, 
which  it  is  believed  may  be  of  service  to 
those  who  have  not  yet  used  it. 

An  elabora  e  paper  on  the  "Stadia  and 
Stadia  Measurements  "  was  read  before  this 
Society  April  3,  1878,  by  one  of  its  mem- 
bers, Mr.  J.  C.  Roney,  who  therein  treats 
the  subject  in  a  very  exhaustive  and  scien- 
tific manner,  and  those  wiio  desire  knowl- 
D  edge  of  the  fine  icork  w  hich  may  be  done  by 
the  aid  of  the  stadia,  are  referred  to  that 
paper.  ^' 

For  my  part,  I  regard  its  main  value  to  be 
found  in  its  use  for  obtaining,  by  observa- 
tion from  one  established  station,  the  sur- 
rounding objects  and  general  topographical 
features,  such  as  buildings,  bridges,  fence 
corners,  contours  of  rivers,  groves,  etc.,  in 
which  cases  minute  accuracy  is  not  re- 
quired. 

To  make  the  stadia  most  useful,  it  is 
essential  to  have  it  so  constructed  that  it  can 
be  read  quickly  and  correctly  ;  and  these 
qualifications  I  claim  for  the  one  before  us. 

As  before  stated,  I  had  been  unable  to 
find  any  existing  designs  that  corresponded 
^  to  my  notions  of  a  desirable  construction, 
the  main  objections  being,  that  they  lacked 
a  sufficiently  marked  distinction  between 
the  various  divisions  and  subdivisions  re- 
spectively, which  would  necessarily  render 
the  ol  servations  more  uncertain  and  un- 
reliable with  increasing  distance,  and  cause 
much  loss  of  time  in  reading  the  rod.  The 
chief  condition  for  a  quick  conception  of  a 
large  number  is  to  have  the  divisions  and 
subdivisions  distinctly  conspicuous,  just  as 
a  large  expression  in  figures  is  divided  by 
commas  at  those  indicating  thousands,  mill- 


7-y^/.  J 


*  Valuable  notes  on  tbis  subject  are  also  fcund  in 
the  catalogue  for  1884  of  Heer  &  Seelig,  instrument 
nakers  in  Chicago. 
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ions,  etc. ,  to  facilitate  its  being  read  with  ease.  On  that  principle  this, 
rod  was  constructed,  and  its  characteristic  features  may  be  best  ex- 
plained by  a  description  of  its  construction.  It  is  made  of  a  board 
10|  feet  long,  5  inches  wide,  and  about  |  inch  in  thickness, 
and  is  first  painted  a  clear  but  not  glossy  white.  Ten  feet  of  the  whole 
distance  (leaving  3  inches  at  each  end)  is  divided  into  equal  parts,  one 
foot  each  in  length.  Each  of  these  spaces  will  correspond  to  a  horizontal 
distance  of  100  feet  in  the  field,  and  is  subdivided  into  3  perpendicular 
columns,  one  of  2  inches  in  width  and  the  other  two  of  1^  inches  each. 
The  two  latter  columns  contain  the  10  subdivisions,  each  of  which  repre- 
sents a  10-foot  field-distance  ;  the  2-inch  cohimn  contains  a  figure,  indi- 
cating the  number  of  100-foot  spaces  from  the  initial  point  to  the  top  of 
the  one  in  which  the  figure  is  found.  It  also  contains  a  diamond,  divid- 
ing this  space  into  two  halves.  To  make  the  100-foot  spaces  more  con- 
spicuous, the  relative  positions  of  the  2-inch  columns  and  those  containing 
the  subdivisions  are  reversed  to  right  and  left,  alternately  in  succeeding; 
divisions.  The  two  narrower  columns  are,  as  already  stated,  in  their 
turn,  divided  into  ten  equal  parts,  which  are  for  sunilar  purposes,  and  in 
a  similar  manner  reversed  alternately  in  the  two  columns.  The  points 
of  the  larger  angles  in  the  diamond,  dividing  the  100-foot  space  into  two 
equal  parts,  denote  the  50-foot  distance.  The  upper  angle  is  opposite  the 
40-foot  mark,  and  the  lower  at  the  60-foot  mark.  Thus  this  diamond 
furnishes  material  aid  in  finding,  without  loss  of  time,  any  of  the  10-foot 
divisions.  Each  of  th  ?  outer  sides  of  these  last-mentioned  divisions  is 
divided  into  five  equal  parts,  whereby  each  of  these  small  parts  denotes  a 
field  distance  of  2  feet.  On  each  of  these  for  a  base  is  made  an  isosceles  tri- 
angle with  its  apex  on  the  line  between  the  two  columns.  Thus  the  even 
feet  (2,  4,  6,  etc.)  are  found  at  the  blunt  angles  of  these  triangles,  whereas 
the  apex  of  each  indicates  odd  feet.  Every  5  feet  is  furthermore  marked 
by  the  apex  of  the  larger  triangle  in  the  adjoining  column,  made  on  the  10- 
foot  division  for  a  base.  These  latter  triangles,  as  well  as  the  diamonds,  are 
on  the  accompanying  drawing  represented  by  shaded  surfaces  (to  facilitate 
its  reproduction  in  print),  but  should  on  the  rod  be  painted  a  bright  red. 
The  space  above  the  graduated  portion  is  by  two  red  triangles  so  marked 
as  to  indicate  the  initial  point  or  line  (^-1 — B)  from  which  all  measure- 
ments are  counted,  and  in  using  the  stadia  the  upper  stadia  hair  is  made 
to  coincide  with  this  line.  The  lower  end  of  the  rod  is  similarly  marked. 
The  initial  point  has  been  chosen  at  the  top,  because  in  most  cases  the 
lower  end  of  the  stadia  is  liable  to  be  obstructed  from  view  by  grass, 
bushes  and  the  like,  whereas  the  top  can  almost  always  be  seen. 

To  illustrate  the  reading  of  the  stadia,  an  example  may  be  given,  which 
is  shown  on  the  drawing.  If,  when  the  upper  stadia  hair  has  been  placed 
in  the  position  of  line  ^l — B,  the  lower  one  is  found  in  a  position  like 
E — F,  then  the  distance  between  these  two  lines  denotes  the  observed 
field  distance  {minus  a  constant,  as  will  be  mentioned  later  on),  and  i& 
obtained  from  the  position  of  the  lower  hair.  This  we  find  in  the  200-ft. 
space  and  two  2-ft.  spaces  heyoyid  the  angle  of  the  diamond,  indicating^ 
50  ft.     Thus  the  reading  is  :  200  -f  50  +  4  =  254  ft. 

The  stadia  hairs  should  always  be  adjusted  so  as  to  be  equidistant 
from  the  centre  hair,  and  this  offers  a  convenient  check   for  testing  the 
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correctnfss  of  tlie  first  reading.  In  observing  the  position  of  the  centre 
hair  (line  C — D),  we  find  it  in  the  100-foot  space,  hcijond  tlie  second  10- 
foot  space,  and  two  feet  beyond  tlie  5-foot  mark,  giving  a  reading  of 
100  +  20  +  5  -f  2  =  127,  which  is  one-half  of  254,  and  proves  the  cor- 
rectness of  that  reading.  The  central  position  of  this  hair  to  the 
stadia  hairs  is  also  very  useful  for  otlier  purposes  ;  for  example,  if  the 
lower  stadia  hair  should  be  hidden  from  view  by  a  branch  of  a  tree  or 
some  otiier  object,  or  if  the  distance  to  be  ascertained  sliould  be  greater 
than  that  provided  for  on  tlie  rod.  In  either  instance,  the  desired  dis- 
tance will  be  obtained  by  taking  twice  the  distance  denoted  l)y  the 
centre  hair. 

For  convenience  in  carrying  and  also  to  protect  the  painted  gradua- 
tion, the  rod  should  be  made  in  two  parts,  carefully  fastened  together  by 
hinges  and  provided  with  a  suitable  clamp-screw  arrangement  to  make  it 
perfectly  6rm  when  opened  for  use. 

In  the  foregoing,  it  has  only  been  shown  how   to   obtain  distances  as 


indicated  on,  and  secured  by  the  use  of,  this  stadia.  Where  the  sur. 
rounding  country  is  practically  level  and  only  approximate  accuracy  is 
required,  the  observed  readings  may  be  accepted  at  once,  with  only  the 
addition  io  each  reading  of  a  constant,  which  is  a  fixed  quantity  for  each 
instrument,  and  ordinarily  amounts  to  something  less  than  a  foot.  (This 
constant  is  the  distance  between  the  object-glass  and  the  centre  of  the 
axis  -|-  the  focal  length.) 

To  insure  a  correct  reading,  it  is  of  importance  to  hold  the  stadia 
at  least  approximately  at  right  angles  to  the  line  of  sight.  This  is  easily 
accomplished  by  having  a  right-angled  triangle  so  attached  to  the 
stadia  that  one  of  its  sides,  a — b  (see  Fig.  2)  coincides  with  the  side  of  the 
stadia  and  the  other,  b — c,  is  perpendicular  to  it,  and  that  the  point  b  is 
at  the  same  distance  from  the  lower  end  of  the  rod  as  the  height  of  the 
instrument  above  the  ground.  If  the  rodman  sights  at  the  telescope 
along  the  side  />  c.  the  object  will  be  accomplished.  Where  there  is  a. 
considerable  difference  in  elevation  between  the  relative  positions  of  the 
instrument  and  the  stadia,  as  indicated  in  Fig.  2,  the  observed  distance 
is,  of  course,  that  of  the  hypothenuse  d—f.  The  horizontal  distance  d  e 
is  easily  found  by  aid  of  the  vertical  angle  edf  (ed  =  df  cos.  alf} ;  but,  as 
stated  in  the  beginning  of  this  paper,  such  details  have  been  explained 
by  other  members,  and  need  not  be  here  further  alluded  to. 
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In  submitting  this  device  for  a  stadia,  it  should  be  stated  that  its  con- 
struction presupposes  the  use  of  adjustable  stadia  hairs,  which  I  regard 
as  preferable.  If  fixed  hairs  are  used,  the  divisions  on  the  stadia  must 
be  made  to  correspond,  though  the  principles  of  sub-divisions,  etc.,  are 
equally  applicable  in  either  case.  If  the  fixed  hairs  are  disturbed  or 
changed,  a  new  rod  must  be  made.  Besides,  there  are  other  great  advan- 
tages in  having  adjustable  hairs.  If  a  more  accurate  reading  should 
be  required,  as,  for  instance,  to  secure  for  a  transit  line  the  distance 
across^  a  river,  creek  or  other  inaccessible  place,  and  to  avoid  the  more 
inconvenient  triangulation,  a  very  good  result  can  be  quickly  and 
easily  obtained  by  the  use  of  a  leveling  rod  with  two  targets,  one  of 
which  is  fixed  at  the  highest  point  on  the  rod  and  the  other  movable. 
When  the  two  stadia  hairs  coincide  with  the  respective  targets,  the  dif- 
ference between  the  readings  of  the  latter  gives  the  desired  distance  [less 
the  constant,  which  should  be  added).  The  leveling  rod,  reading  to 
thousandths  of  a  foot,  will  thus  give  a  field  distance  to  within  a  tenth  of 
a  foot,  which  is  as  close  as  possibly  can  be  desired.  With  fixed  stadia 
hairs,  the  leveling  rod  could  not  be  so  used,  unless  they  should  incidentally 
be  so  fixed  as  to  correspond  to  the  divisions  on  that  rod. 

On  one  occasion,  at  the  survey  of  Peoria  Lake  front,  in  August,  1883, 
I  used  the  stadia  exclusively,  even  for  measuring  tlie  transit  line  along 
the  shore.  It  was  here  found  very  valuable,  as  the  many  buildings  and 
other  obstructions  close  to  the  water's  edge  would  have  made  chaining 
impossible,  without  numerous  and  extensive  off-sets,  which  would  have 
tended  as  much  to  affect  the  correctness  of  the  work  as  the  imperfections 
of  the  stadia,  if  not  more,  and  would  have  required  a  great  deal  more 
time. 

Besides  having  put  this  stadia  rod  to  practical  tests  on  several  of  my 
own  surveys,  four  or  five  such  rods  were  made  for,  and  used  by,  the 
engineers  of  the  different  parties  of  the  Hennepin  Canal  surveys  in  1882, 
and  were  by  them  said  to  be  easily  understood  and  read,  and  to  give  very 
satisfactory  resvilts. 


EDWARD    B.    TALCOTT. 

A  MEMOIR. 


Bt  Willard  S.  Pope,  Member  of  the  Western  Society  of   Engineers. 
[Read  April  6,  1886.] 

Edward  B.  Talcott^was  born  in  Rome,  N.  Y.,  in  April,  1812.  He  had 
in  his  youth  the  advantages  of  as  good  an  education  as  the  common 
school  and  academy  of  that  day  and  place  afforded.  In  1835  his  father 
moved  to  the  then  remote  Chicago,  accompanied  by  his  two  sons,  Edward 
B.  and  Mancel.  Mancel  Talcott  subsequently  was  of  the  firm  of  Singer 
&  Talcott,  proprietors  of  one  of  the  large  stone  quarries  at  Lemont,  near 
Chicago.  Edward  B.  entered  the  employment  of  the  Illinois  and  Michi- 
gan Canal  as  engineer,  in  which  capacity  he  served  many  years.  He  left 
this  service  onceito.become  Deputy  United  States  Marshal  for  the  Northern 
District  of  Illinois,  and  again  to  become  City  Surveyor  of  Chicago,  but 
in  each  case  returned^again  to  the  charge  of  the  Illinois  and  Michigan 
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Canal.  About  1855  he  became  connected  with  the  Hannibal  &8t.  Joseph 
Railroad,  then  beiugr  constructed.  He  had  special  charge  of  its  Land 
Department,  and  in  addition  performed  efTective  service  in  the  building 
of  the  road.  In  1860  he  was  appointed  Genei*al  Superintendent  of  the 
Galena  &  Chicago  Union  Radroad  Co.,  in  which  capacity  he  served  until 
the  consolidation  of  ihat  railroad  with  the  Chicago  &  Northwestern  in 
1864,  after  which,  until  1806,  he  acted  as  Chief  Engineer  of  the  consoli- 
dated lines.  In  1867  he  connected  himself  with  a  company  which  under- 
took, as  contractors,  the  constiuction  of  the  Grand  Rapids  &  Indiana 
Railroad  in  Michigan.  He  had  full  charge  of  all  the  active  operations  in 
tlie  field.  In  1873  he  experienced  a  slight  attack  of  paralysis,  from  the 
efftcts  of  which  he  never  entirely  recovered.  His  life-work  was  done 
and  from  that  time  he  was  more  or  less  an  invalid,  until  his  death,  which 
occurred  in  February,  1886,  at  the  age  of  74  years. 

As  an  engineer  his  work  was  extensive  and  varied.  Canal  and  rail- 
road construction,  land  drainage,  surveying  and  jjlatting,  dock  and 
bridge  building — in  fact,  all  the  details  of  construction  that  a  new  and 
rapidly  growing  country  demands — witli  all  he  was  familiar  ;  in  all  ex- 
pert. His  intuitions  were  quick  and  his  judgments  were  sound.  He 
eminently  possessed  that  faculty,  without  which  education  is  vain  and 
training  idle,  viz.:  good,  practical  common  sense. 

His  life  was  spent  in  a  new  country  where  great  results  had  to  be 
accomplished  with  limited  resources,  and  his  constant  thought  and  study 
was  necessarily  for  economy — to  attain  the  desired  end  with  the  least 
possible  cost.  In  the  public  works  over  which  he  had  charge,  nothing 
was  expended  for  mere  ornament  or  show  ;  but  no  one  was  more  scrupu- 
lous than  he  in  the  effort  to  build  solidly  and  well.  He  never  allowed 
work  to  be  "  scamped  ;"  though  compelled  sometimes  by  a  lean  purse  to 
use  makeshifts  and  temporary  expedients,  he  always  did  so  reluctantly, 
and  got  rid  of  them  as  soon  as  possible  thereafter.  I  remember  how 
persistently  he  urged  on  his  rather  slow  and  conservative  board  of  directors 
of  the  Galena  Railroad  the  adoption  of  iron  and  stone  in  place  of  wood 
for  bridges.  That  compfiny  was  among  the  earliest  in  the  West  to  intro- 
duce iron  structures  ;  the  bridge  over  Fox  River  near  Elgin,  on  that  road, 
built  in  1860,  being,  I  think,  the  first  iron  railroad  bridge  west  of  Chicago  ; 
and  it  was  mainly  due  to  his  persistent  effort  that  the  company  was  in- 
duced to  trj'  what  they  seemed  to  consider  a  rather  expensive  experi- 
ment. During  his  superintendency  many  of  the  wooden  structures  on 
that  road  were  replaced  by  substantial  stone  arches  and  iron  spans. 
Railroad  companies  now  regard  such  permanent  renewals  as  a  matter  of 
course;  but  those  days  were  very  different  ;  and  among  the  great  achieve- 
ments of  the  present,  we  should  not  forget  the  struggles  of  our  profes- 
sional fathers.  It  required  a  good  deal  of  nerve  and  self-confidence  then 
to  advocate  and  attempt  constructions  which  now  are  simple  matters  of 
course. 

The  principal  single  engineering  work  constructed  by  the  Galena  Rail- 
road Company  during  Mr.  Talcott's  superintendency  was  the  bridge  over 
the  main  channel  of  the  Mississippi  River,  at  Clinton,  Iowa,  in  1863,  It 
was  a  difficult  place— a  channel  about  800  feet  wide,  a  depth  of  water  of 
45  feet  at  low  stage  and  65  feet  at  high  stage,   a  considerable  current,  a 
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bottom  of  loose,  light  sand,  about  15  feet  in  depth,  overlying  bed  rod;  of 
limestone.  In  extreme  floods  the  rock  was  sometimes  possibly  laid  bare. 
It  was  necessary  to  place  one  pier  in  mid-channel  large  enough  to  carry 
a  drawbridge  300  feet  long,  which  when  open  would  leave  a  clear  water- 
way of  120  feet  on  each  side  for  navigation.  When  the  span  was  open 
it  must  be  protected  against  collision  from  boats  for  its  entire  length  up 
and  down  stream.  At  the  present  day  it  is  easy  by  the  pneumatic  sys- 
tem to  place  stone  piers  directly  on  the  bed  rock  ;  but  this  was  23  years 
ago,  and  the  methods  of  submarine  founding  had  not  then  reached  their 
present  advanced  development.  The  case  received  much  anxious  con- 
sideration and  study. 

Sir.  Talcott  finally  decided  to  found  the  pier  as  follows  :  A  timber  crib 
was  built  400  feet  long,  45  feet  wide  and  45  feet  high.  The  central  part 
was  divided  into  compartments  5  feet  square,  and  the  ends  into  compart- 
ments 10  feet  square.  This  was  floated  into  place  and  sunk,  and  the  com- 
partments filled  with  rubble  stone.  The  bottom  bedded  itself  into  the 
sand  and  the  top  was  just  below  low  water  line.  On  this  the  stone  pier 
■was  built.  The  crib  was  a  ponderous  mass  to  handle  in  the  strong  cur- 
rent and  against  the  cross  eddies.  But  when  once  fairly  landed  it  formed 
a  solid  and  reliable  foundation,  and  the  years  that  have  since  passed  have 
proved  the  sound  judgment  of  the  engineer.  Of  course,  by  reason  of  his 
multifarious  other  duties,  Mr.  Talcott  was  not  able  to  devote  much  per- 
sonal attention  to  the  details  of  this  work,  which  for  that  day  was  a  great 
one.  But  he  took  a  constant,  hearty  interest  in  it,  received  daily  reports 
of  its  progress,  and  his  orders  decided  all  important  questions. 

In  this,  as  in.  all  other  work  in  which  he  was  engaged,  he  drew  about 
him  a  corps  of  subordinates  and  assistants,  all  of  whom  became  sincerely 
attached  to  him.  Rigid  in  the  performance  of  duty  himself,  he  was  strict 
and  even  sometimes  apparently  severe  in  demanding  full  duty  of  others. 
But  his  severity  was  always  simple  justice,  and  was  so  tempered  with 
kindness  that  no  one  could  complain.  Sternly  impatient  of  laziness  and 
incompetence,  he  was  fully  appreciative  of  zeal  and  energy  in  his  staff  of 
assistants  ;  and  beneath  his  bluff,  quick  manner,  lay  always  a  kind  heart. 
Many  a  man  now  prominent  in  the  various  departments  of  raili-oad  serv- 
ice looks  back  to  the  days  of  his  early  work  with  feelings  of  gratitude 
and  aff taction  toward  his  old  chief,  E.  B.  Talcott. 

In  person,  Mr.  Talcott  was  tall,  well  formed  and  vigorous.  His  features 
were  sharp  cut  and  striking,  his  hair  curling,  and  the  glance  of  his  clear 
blue  eye  keen  and  incisive.  He  bore  the  stamp  of  leadership  upon  him. 
The  tones  of  his  voice  conveyed  irresistibly  the  impressioi.  that  he  meant 
what  he  said,  and  when  he  gave  an  order  there  was  no  doubt  or  he-ita- 
tion  in  anybody's  mind  about  obeying  it.  The  action  of  both  his  mind 
and  his  body  was  quick  and  energetic  ;  there  was  no  wavering  or  vacilla- 
tion about  him.  He  was  a  great  worker,  incessant  and  indefatigable;  and 
when  at  work  his  whole  heart  was  in  it ;  so  that  he  often  seemed  hasty 
and  impatient  of  interruption  ;  and  to  those  who  saw  him  only  at  such 
a  moment  he  might  perhaps  appear  unnecessarily  curt  and  irritable.  But 
when  freed  from  the  immediate  press  of  thought  or  occupation,  his  whole 
nature  was  as  kindly  and  genial  as  sunlight.  He  was  a  man  of  strong 
and  enduring  affections  ;  and  to  his  friends— and   they    were   many— his 


NOTH.S  (»N  THE  PANAMA  CANAL.  367 

lieart  ami  his  liand  wero  always  open.  He  was  a  membLT  of  our  Society 
from  the  beginninfj;  always  interested  in  it  and  in  its  members.  Of  late 
years,  since  his  illness,  his  life  has  been  quiet,  and  we  have  not  seen  as 
much  of  him  as  before.  Possibly  to  some  of  our  younger  members  he 
may  have  been  personally  unknown  ;  but  all  the  older  ones  well  remem- 
ber liis  tall,  spare,  slightly  stooping  figure,  his  kindly  face  and  his  cordial 
manner  ;  and  in  his  death  we  feel  that  the  Society  has  lost  an  honored 
member,  and  we  a  valued  friend.  He  was  a  good  man.  May  he  rest  in 
peace  ! 

In  looking  back  over  his  busy  life,  we  see  much  to  admire  and  to  imi- 
tate. Let  us  draw  also  one  lesson  of  what  to  avoid,  and  that  is,  briefly, 
too  incessant  application  to  work.  Our  friend  fell  with  the  full  harness 
upon  him,  stricken  down  in  a  moment,  in  the  very  field  of  his  useful- 
ness, and  in  what  ought  to  have  been  the  real  prime  of  his  life.  He  had 
warning  enough  and  advice  enough,  as  we  all  of  us  have  already  had 
who  have  reached  middle  life;  but  he  couldn't  give  up  just  then  :  wait  a 
little  wliile,  until  business  was  less  pressing,  then  he  would  take  the 
needed  rest  and  holiday.  And  so  he  pushed  on,  every  muscle  tense,  every 
nerve  strained,  every  faculty  alert,  until  suddenly  the  bolt  fell — a  shock  of 
paralysis,  and  his  business  was  terminated.  Although  he  lived  13  years 
afterward,  yet  it  was  a  hampered  and  a  crippled  life;  his  mind  as  eager 
and  as  bright  as  before,  but  his  body  frail,  shaken  and  unable  to  respond. 
How  many  of  us  are  traveling  the  same  path  ! 
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By  Charles  D.  Jameson,  Member  of  the   Boston  Societt  of  Civil 

Engineers. 
[Read  May  19,  1886.] 


The  idea  of  connecting  the  Atlantic  and  Pacific  oceans  by  means  of  a 
ship  canal  across  the  isthmus  between  North  and  South  America  was 
almost  contemporaneous  with  the  discovery  and  conquest  of  the  country 
by  the  Spaniards. 

The  first  papei'  upon  that  subject  was  written  in  the  year  1550,  and  in 
this  paper  the  relative  values  of  the  Nicaragua  and  Panama  routes  were 
discussed. 

The  next  notice  we  have  of  the  idea  was  in  17T9,  and  surveys  were 
ordered  by  the  Spanish  Government  in  1780.  But  owing  to  complica- 
tions in  Europe,  these  surveys  were  not  made,  and  none  of  these  earlier 
Spanish  projects  ever  advanced  far  enough  to  have  any  reliable  surveys 
or  plans  made. 

When,  in  1825,  the  most  of  Central  America  had  thrown  off  the  Spanish 
yoke,  and  had  become  small,  independent  republics,  they,  knowing  so 
well  the  configuration  of  the  coast,  and  the  feasibility  and  advantages  of 
a  ship  canal,  did  all  in  their  power  to  have  the  question  well  studied  and 
brought  before  the  notice  of  the  world. 

In  1825  the   Republic  of    Nicaragua  asked  the  co-operation   of    the 
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United  States  in  the  building  of  a  ship  canal  connecting  the  Atlantic 
and  Pacific  oceans.  But  as  the  United  States  Government  could  at  that 
time  get  hold  of  no  reliable  data  connected  with  the  subject,  it  was  no 
deemed  advisable  to  commit  the  Government  to  any  such  grand  under- 
taking. The  only  result  was  that  a  new  minister  was  sent  to  Nicaragua 
with  instructions  to  examine  into  the  question  fully  and  collect  all  pos- 
sible data. 

The  first  regular  survey  of  a  line  across  the  Isthmus  of  Panama  was 
made  at  the  expense  of  the  Government  of  New  Grenada  in  1838,  from 
the  mouth  of  the  Chagres  River  to  Panama.  This  place  at  that  time 
was  ct^nsidered  one  of  the  most  feasible  places  for  cutting  the  isthmus, 
as  it  was  one  of  the  narrowest,  and  also  there  is  a  great  depression  in 
the  main  chain  of  mountains. 

There  was  really  very  httle  reliable  work  done  on  the  isthmus  in  the 
way  of  any  surveys  for  a  canal  until  1870,  and  from  then  up  to  1880  all 
the  best  work  was  done  by  the  United  States  Government.  The  princi- 
pal attention  of  this  Government  has  always  been  turned  toward  the 
Nicaragua  route,  although  there  have  been  eleven  different  routes  sur- 
veyed and  plans  and  estimates  made. 

Owing  to  the  fact  the  Nicaragua  route  is  in  a  more  inhabited  and 
healthy  climate  than  any  of  the  others,  and  also  that  the  estimated  cost 
of  construction  has  always  been  less,  this  route  has  always  been  the 
one  most  advocated  by  our  Government. 

We  will  now  look  at  the  manner  in  which  the  French  came  to  have  the 
concession  for,  and  the  control  of  the  Panama  canal. 

While  the  United  States  Government  was  having  careful  surveys  and 
estimates  made  of  all  these  different  lines,  a  lieutenant  in  the  Fi'ench  navy 
named  Lucien  Napoleon  Bonaparte  Wyse,  and  Lieut.  Armand  Reclus,  with 
a  party  of  about  twenty  men,  in  1876  commenced  an  examination  of  some 
of  the  lines  which  had  been  run  across  the  isthmus.  These  exploring 
parties  under  Wyse  and  Reclus  spent  the  better  part  of  two  years  on  tlie 
isthmus  in  examining  into  the  different  merits  of  the  many  lines  which 
had  been  run,  and  also  to  decide  as  to  the  actual  feasibility  of  building  a 
canal  at  all. 

The  expenses  of  these  exploring  parties  were  defi'ayed  by  a  private 
company  in  Paris.  As  soon  as  Lieutenant  Wyse  had  procured  all  the 
information  and  data  he  required,  or  at  any  rate  had  used  up  all  the  time 
at  his  disposal,  he  pushed  on  at  once  to  Bogata.  the  capital  of  the  United 
States  of  Colombia,  and  on  March  28,  1878,  got  his  concession  signed  by 
the  Government. 

By  the  terms  of  this  concession  he  was  granted  the  exclusive  privilege 
of  constructing  a  ship  canal  from  Colon  to  Panama  for  a  period  of  ninety- 
nine  years  ;  the  canal  to  be  finished  in  12  years  after  the  organization  of 
the  company,  and  if  any  unforeseen  obstacles  are  encountered,  the  limit 
of  time  for  construction  will  be  extended  six  years  more.  There  can  be 
no  doubt  but  that  the  Canal  Company  have  a  right  to  this  additional  six 
years,  as  most  of  the  obstacles  which  they  have  encountered  appear  to 
have  been  entirely  unforeseen. 

Lieutenant  Wyse  then  went  at  once  to  New  York  to  see  what  arrange- 
ments could  be  made  with  the  Panama  Railroad,  as  it  was  then  evident 
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lliat  the  best  line  between  Colon  and  Panama  must  run  near  the  line  of  the 
railway,  or  at  least  within  their  right  of  way,  and  tiiat  the  co-operation 
of  the  railway  comiiauy  would  be  all-important  to  the  construction  of 
the  canal. 

Having  made  his  arrangements  in  New  York,  he  sailed  at  once  for 
France.  Now.  this  company  of  which  Wyse  was  the  head  had  a  conces- 
sion and  all  the  rights  necessary  for  the  construction  of  an  inter-oceanic 
^canal  across  the  Isthmus  of  Panama  ;  and  the  only  and  by  far  the  most 
important  thing  which  they  lacked  was  the  necessary  amount  of 
money. 

In  order  to  form  a  company  and  raise  the  immense  amount  of  money 
necessary  for  the  undertaking,  it  needed,  as  the  head  and  front  of  the 
enterprise,  a  man  the  simple  name  of  whom  could  so  inspire  and  rouse 
the  people  that  without  knowing  miich  more  about  the  enterprise  than 
the  one  fact  that  this  man  was  at  the  head  of  it,   would  give  them  un- 
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'bounded  confidence  in  its  success  and  the  enteri^rise  unlimited  credit. 
The  only  man  who  could  fill  these  requirements  was  Ferdinand  de  Les- 
«eps,  who,  with  his  fame  founded  upon  the  construction  and  success  of 
the  Suez  Canal,  could  raise  money  to  any  amount  for  any  enterprise  to 
which  he  lent  his  name. 

Le  comte  de  Lesseps  was  induced  to  become  the  head  of  the  Wyse- 
Reclus  canal  project,  and  a  scientific  congress  of  all  nations  was  called  at 
Paris  to  decide  as  to  which  of  the  many  lines  run  across  the  isthmus  was 
the  best.  The  decision  of  this  congress  was  in  favor  of  a  sea  level  canal 
from  Colon  to  Panama.  This  decision  was  rather  a  foregone  conclusion, 
from  the  fact  that  the  Colon  and  Panama  route  was  the  only  one  of 
which  AVyse  held  the  concession  and  of  which  De  Lesseps  was  the  head. 
Unless  one  has  been  in  France,  and  particularly  in  Paris,  they  can  form 
no  idea  of  the  amount  of  influence  and  blind  enthusiasm  the  mere  name 
and  reputation  of  one  man  can  arouse.  De  Lesseps  made  a  success  of  the 
Suez  Canal  in  the  face  of  the  strongest  opposition,  and  to  the  ordinary 
French  people  he  is  little  less  than  a  God.  The  majority  of  them  are 
satisfied  with  the  fact  that  he  says  the  Panama  Canal  will  be  a  success, 
.and  up  to  the  present  time  he  has  merely  had  to  ask  for  money  to  get  all 


370  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

and  more  than  he  asked  for.  In  June  of  1884,  when  he  called  for  80  mill- 
ions, the  morning  when  the  books  were  opened  to  receive  subscriptions,  the 
streets  were  packed  for  blocks  with  people  who  took  their  luncheon  and 
crowded  and  pushed  all  day  to  get  a  chance  to  let  himhave  all  their  sav- 
ings. The  money  which  has  thus  far  been  spent  upon  the  Panama  Canal 
has  not  come  from  rich  bankers  and  capitalists,  but  in  small  lots  out  of 
the  pockets  of  women  and  orphans  and  the  middle  class  of  French  people» 
who  seem  willing  to  pour  into  the  capacious  pockets  of  De  Lesseps 
their  last  cent,  and  take  his  word  for  it  that  at  some  time  in 
the  future  they  will  reap  their  reward.  Perhaps  they  may.  Where  the 
remainder  of  the  money  needed  to  finish  the  Panama  Canal  is  to  come 
from  is  a  query. 

We  will  now  leave  le  comte  de  Lesseps  and  his  poor  people  in  France 
and  go  to  the  Isthmus  of  Panama.  The  administration  of  the  Canal 
Company  upon  the  Isthmus  is  as  follows:  Director-General,  Assistant 
Director-General,  Chief  Secretary,  Chief  Engineer,  and  a  great  num- 
ber of  other  chiefs  up  to  about  700.  In  fact,  nine  out  of  ten  of 
the  employes  of  the  Canal  Company  ai'e  chiefs  of  something,  and 
a  man  must  indeed  be  down  pretty  low  not  to  be  able  to  write  chief  after 
his  name.  During  the  five  years  of  construction  upon  the  Isthmus  there 
have  been  eight  different  administrations,  no  one  of  them  lasting  two 
years.  Of  coui-se,  this  has  been  a  source  of  great  loss  to  the  Canal  Com- 
pany which  can  hardly  be  exaggerated. 

The  Panama  Canal  is  to  be  a  sea-level  canal  from  Colon  on  the  Atlantic 
side  to  the  mouth  of  the  Rio  Grande,  on  the  Pacific  side  near  Panama. 
The  total  length  will  be  74  kilometers,  or  about  45  miles.  At  the  Pacific 
end  there  will  be  a  tide-gate  by  which  to  control  the  excess  of  tide  of 
the  Pacific  Ocean  over  that  of  the  Atlantic.  The  difference  between 
high  and  low  tide  in  the  Atlantic  at  Colon  is  only  about  12  inches,  while 
in  the  Pacific  it  is  20  or  more  feet. 

At  the  Panamaend  there  will  be  a  basin  1,600  metres  long  and  110  metres 
wide.  At  Traverulla,  at  about  the  centre  of  the  canal,  there  will  be  a 
large  basin  about  5  kilometers  long,  and  at  Colon  there  will  be  a  basin 
well  protected  by  a  sea-wall — a  basin  3  kilometers  long  and  1  kilometer 
wide. 

The  bottom  of  the  canal  will  be  30  ft.  below  the  water  line  and  will  be- 
from  100  to  200  ft.  wide.  The  deepest  cut  upon  the  centre  line  is  at  kil. 
55  Culebra,  where  it  is  330  ft.  for  a  short  distance,  at  this  point  the  deptb 
of  cutting  at  the  slope  stakes  runs  up  to  450  feet. 

By  means  of  the  profile  one  can  form  some  idea  of  the  comparative 
quantities  of  each  kind  of  material  to  be  excavated.  The  whole  line  of 
the  canal  has  been  sounded  to  its  full  depth  by  means  of  the  diamond 
drill  and  the  cores  of  the  entire  soundings  extracted  and  classified. 

The  City  of  Colon  (Aspinwall)  is  situated  upon  an  island  upon  the 
Atlantic  side  of  the  Isthmus  of  Panama,  and  the  whole  of  this  island  is 
owned  and  occupied  by  the  Panama  Railway,  who  will  not  sell  one  foot 
of  it.  The  city  itself  consists  of  only  two  streets  running  parallel  to  the 
water,  and  which  before  the  fire  of  March  31,  1885,  were  lined  with  stores., 
bars  and  tenement  houses. 

There  is  no  drainage  of  any  description,  and  refuse  of  every  kind  is. 
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thrown  into  the  streets,  which  with  tlie  vacant  lots  are  gigantic  cess- 
pools. You  hear  a  great  deal  about  the  deadly  climate  of  the  Isthmus, 
and  beyond  a  doul>t  it  is  unhealthy.  But  if  the  people  here  in  Boston 
lived  in  so  much  tilth  and  drank  as  much  brandy,  the  death-rate  would 
be  nearly  us  jj;rpat 

Wlien  the  Canal  Company  wished  to  build  their  offices,  store-houses  and 
dwelhng  houses  at  that  end  of  the  canal,  thtre  was  no  land  available 
where  they  could  build  a  line  of  wharf  wliich  would  be  accessible  to  ves- 
sels of  all  kinds.  So  to  the  south  of  the  island,  as  you  will  see  by  the 
plan  B,  tliey  took  a  large  swamp  which  was  usually  under  six  feet  of 
water,  and  filled  it  with  broken  stone  and  gravel  to  about  six  feet  above 
high  tide  :  on  the  top  is  put  18  inches  of  rotten  coral  to  give  it  surface. 
This  rotten  coral  packs  down  viry  firmly  and  is  entirely  free  from  dirt 
and  dust.     This  whole  fill  contains  about  85  acres. 

Upon  one  side  of  the  fill,  as  shown  on  the  plan,  there  is  nearly  one 
mile  of  stone  wharf,  with  about  25  feet  of  water.  Upon  this  fill  are 
built  all  the  dwelling  houses,  offices,  store-houses,  etc.,  of  the  canal  com- 
pany. 

That  part  where  the  dwelling  houses  are  built  is  laid  otf  well  in  stree  s, 
and  is  well  drained.  There  are  sidewalks  and  cut  stone  gutters.  All  the 
buildings  are  built  upon  masonry  pillars  a  few  feet  high,  in  order  to  al- 
low the  air  to  circulate  freely  under  them. 

The  whole  camp  is  in  charge  of  a  special  police  force  whose  only  duty 
is  to  keep  it  clean  and  orderly. 

Owing  to  the  fact  that  all  the  freighting  is  done  by  cars  and  locomo- 
tives, it  is  very  seldom  that  the  streets  of  this  encampment  are  desecrated 
by  the  presence  of  any  beasts  of  burden  or  that  the  streets  are  cut  up  by 
wagon  wheels.  Therefore,  the  camp  can  be  and  is  kept  most  exquisitely 
neat  and  clean,  and  no  expense  is  spared  to  accomplish  this  object. 

Much  of  this  care  and  expense,  which  is  lavished  not  only  upon  the  camp 
at  Colon,  but  upon  the  camp  of  each  section  along  the  whole  line  of  the 
canal,  strikes  the  American  who  is  new  to  the  country  and  climate  as  a 
great  waste  of  money.  But  after  a  little  examination  into  the  beneficial 
results  arising  from  this  same  expense,  any  one  will  admit  tl  at  it  is 
perfectly  justfiable.  You  all  know  by  the  newspapei'S  what  a  tre- 
mendous death  rate  prevails  in  Aspinwall,  but  at  the  canal  camp,  which 
is  merely  one  part  of  it,  from  June,  1884,  to  June,  1385,  there  were  only  four 
deaths,  with  a  population  of  six  hundred,  and  two  of  these  were  the 
direct  result  of  intemperance.  With  all  the  sins  of  omission  and  com- 
mission of  the  Canal  Company,  and  they  are  many,  one  must  admit  that 
in  regard  to  the  care  taken  of  the  health  of  their  employes,  in  their  com- 
missary, sanitary  and  medical  departments  very  little  can  be  found 
lacking. 

The  lai-ge  hospitals  of  the  Canal  Company  were  built  at  an  immense 
cost,  at  a  few  miles  from  Panama  and  200  feet  above  the  sea.  The 
position  was  most  admirably  chosen,  as  there  is  always  a  good  s  a  breeze, 
and  the  drainage  is  perfect.  The  capacity  of  this  main  hospital  is  about 
400  beds,  and  all  the  arrangements  for  the  comfort  and  cure  of  the  in- 
valids are  made  in  the  most  perfect  manner.  There  i-!  a  smaller  hospi- 
tal of  100  beds  at  Colon,  and  a  fine  sanitarium  upon  the  Island  of  Taboga, 
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where  the  eirployes  are  sent  for  a  change  of  air  when  necessary.  All 
the  employes  of  the  Canal  Company  are  admitted  to  these  hospitals,  and 
receive  the  best  of  care,  food  and  room  free  of  charge.  The  only  thing 
needed  is  a  doctor's  certificate  that  he  is  sick.  Any  men  working  for 
contractors  are  admitted  to  the  general  wards  for  $1  per  day,  which  in- 
cludes everything,  and  those  who  wish  it  can  have  a  private  room  for  $1 
extra.  Wtien  the  price  of  table  board,  and  not  very  good  board  either,  is 
from  |50  to  $100  per  month  all  over  the  Isthmus,  one  can  see  that  these 
hospitals  are  an  immense  expense  to  the  Canal  Company,  and  that  they 
spare  nothing  which  in  any  way  tends  toward  the  good  health  of  their 
employes. 

However  well  disposed  one  may  feel  toward  the  Canal  Company,  no 
one  can  deny  that  the  management  on  the  Isthmus  has  been  very 
loose  and  very  badly  directed,  and  that  a  tremendous  amount  of  money 
has  been  spent  for  which  no  result  can  be  shown.  The  most  noticeable 
thing  about  the  employes  of  the  canal  (with  one  or  two  rare  exceptions) 
is  that  none  of  them  feel  any  interest  in  the  success  of  the  enterprise. 
Every  man  is  working  for  himself  and  seems  to  care  very  little  what 
progiess  is  made  so  long  as  he  draws  his  salary  regularly  once  a  month. 
There  is  none  of  that  holding  a  man  dowmto  his  work  and  either  making 
him  do  it  or  getting  some  one  in  his  place  at  once  who  will  do  it,  that  we 
see  among  the  Americans. 

Owing  to  the  unhealthiness  of  the  climate  and  the  consequent  uncer- 
tainty of  life,  the  one  idea  on  the  Isthmus  seems  to  be,  get  what  you  can, 
how  you  can,  as  quick  as  you  can,  and  get  out  of  the  country.  The  main 
offices  of  the  Canal  Company  are  in  Panama,  in  one  large  building 
which  contains  during  working  hours  between  four  and  five  hundred 
employes.  The  salary  of  the  Director-General  is  $100,000  per  year  ard 
all  his  expenses,  including  house,  horses,  carriages,  servants,  etc.  ;  in 
fact,  everything  he  can  i^ossibly  want. 

With  the  exceptions  of  soine  six  or  eight  persons  holding  the  most 
important  positions,  and  whose  salaries  range  from  $10,000  to  $35,000  per 
year,  the  salaries  paid  by  the  Canal  Company  are  not  by  anj  means 
high,  considering  the  country  and  the  prevailing  rates  of  wages  for  the 
same  class  of  services  by  the  other  companies,  such  as  the  Panama  Rail- 
road and  the  Pacific  Mail  Steamship  Company. 

The  line  of  the  canal  is  divided  into  sections  of  about  six  miles  each. 
Each  of  these  is  in  charge  of  an  engineer.  He  has  a  first  assistant,  clerk, 
draughtsman,  instrument  men,  time-keepers,  store-keepers,  doctors,  etc. 
The  salary  of  a  chief  of  section  is  $300  or  $350  per  month  and  his  board  • 
assistant  chiefs,  $150,  and  instrument  men  and  draughtsmen  from  $60 
to  $100  per  month.  A  chief  of  section  was  allowed  $2  per  day  for  ex- 
penses, and  below  him  about  $1.50  per  day,  varying,  of  course,  with 
circumstances. 

At  the  headquarters  of  each  section  there  are  comfortable  and  airy 
houses  sufficient  for  the  accommodation  of  all  the  employes  above 
the  rank  of  laborer,  and  large  barracks  for  the  laborers.  All  these  sec" 
tion  camps  are  well  policed,  have  a  capable  doctor  and  a  small  hospital. 
These  section  hospitals  are  merely  to  be  used  in  case  of  accident  or  in 
very  mild  cases.  In  other  cases,  the  patient  is  sent  at  once  to  either 
Panama  or  Colon. 
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To  make  it  an  ol)ject  to  the  employes  to  stay  on  the  Isthmus  and  con- 
tinue in  tlie  employ  of  the  Canal  Comi)any,  the  following  inducement  is 
olfeied  :  AVhen  any  one  has  been  iu  their  employ  two  consecutive  years, 
he  is  entitled  to  six  months'  vacation,  with  full  pay  and  his  fare  paid  to 
any  part  of  the  world  and  return.  "Very  few,  however,  have  been  entitled 
to  this  vacation,  and  it  has  been  found  that  of  those  few  the  majority  pre- 
ferred to  continue  with  their  work  and  have  six  months'  extra  pay  and 
$200  for  expenses  put  to  their  credit. 

Of  course,  the  climate  of  the  Isthmus,  like  all  tropical  climates  near 
the  sea  level,  is  most  unhealthy.  The  prevalent  diseases  are  dysentery, 
malarial  fever  and  yellow  fever,  and  when  one  is  taken  down,  the  most 
powerful  remedies  must  be  used  at  once  or  it  will  be  too  late.  This  cli- 
mate, doing  away  with  the  fact  of  its  unhealthiness,  is  one  of  the  most 
beautiful  in  the  world,  but  not  the  most  invigorating.  The  nights  are  all 
cool  enough  to  sleep  well,  and  in  the  shade  the  heat  is  never  oppres- 
sive in  the  day-time. 

We  will  now  take  a  look  at  the  class  of  men  who  are  doing  all  this 
work  on  the  Isthmus. 

Most  of  the  higher  positions  are  filled  by  Frenchmen,  but  the  Chief 
Secretary,  who  is  one  of  the  hardest  and  best  workers  on  the  Isthmus,  is 
an  Englishman,  Colonel  Chamberlain,  of  the  English  army. 

The  chiefs  of  section  are  all  French,  and  the  clerks,  under-secretaries, 
storekeepers,  etc.,  are  mosth'  Jamaica  or  Martinique  negroes  who  have  a 
fair  common  school  education. 

The  laborers  are  in  about  the  following  proportions  : 

Oreeks  and  Italians     19 

English,  Americans  and  Swedes 06 

(lermans 04 

Columbians 20 

Jamaica  and  MartJDique  negroes 60 

1.00 
Among  these  the  Greeks  are  by  far  the  best  and  most  intelligent  work- 
ers, but  much  care  must  be  taken  not  to  work  them  in  mixed  gangs,  but 
in  gangs  by  themselves,  as  they  area  vindictive,  quarrelsome  set,  and  very 
ready  to  use  a  knife.  Being  much  addicred  to  drinking  and  gambling, 
they  cannot  be  in  any  way  depended  upon. 

The  Swedes  are  about  the  best  workers  where  only  a  moderate  amount 
of  intelligence  is  needed.  The  are  very  faithful,  but  also  very  stupid. 
The  English  and  Americans  whom  one  sees  on  the  Isthmus  as  laborers 
are  the  very  scum  of  the  earth.  The  most  of  them  are  runaway  sailors 
who  are  tempted  by  the  larger  pay.  As  a  general  nile,  the  English  and 
Americans  of  the  laboring  class  upon  the  Isthmus  are  divided  into  two 
classes.  Either  they  are  killing  themselves  with  drink  and  are  therefore 
of  no  use,  or  else  they  are  such  fools  as  to  beabsoluteh'  useless. 

The  native  Colombians  are  of  Indian  blood  or  Spanish  and  Indian 
mixed.  They  are  a  straight,  well-built  race,  but  owing  to  the  climate  and 
the  verj-  little  need  there  is  for  work  in  order  to  live,  they  are  a  lazy, 
indolent  set,  who  make  the  women  do  most  of  the  work,  and  whose  only 
desire  seems  to  be  plenty  of  sleep,  bananas,  cigarettes  and  brandy. 
Consequently,  they  cannot  in  any  waj'  be  depended  upon  by  either  the 
Canal  Company  or  the  contractors,  and  until  the  last  year  they  have  been 
so  much  taken  up  with  revolutions  that   they  have   cared  little   whether 
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they  worked  or  not.  The  only  kind  of  work  for  which  they  have  shown 
any  adaptability  is  the  clearing  of  the  '•  right  of  way,"  and  most  of  this 
work  has  been  done  by  tliem. 

In  this  question  of  the  supply  of  the  manual  labor  needed,  which,  with- 
out doubt,  is  the  gravest  one  the  Canal  Company  have  to  face,  the 
Janiaico  negro  seems  to  be  the  only  answer  so  far,  that  has  any  degree  of 
stability  to  it.  They  form  the  main  body  of  the  laborers  upon  the  Isth- 
mus, not  because  they  are  even  as  good  workers  as  many  other  national- 
ities, but  because  there  are  more  of  them.  They  are  mostly  imported 
directly  from  the  islands  at  the  rate  of  about  1,000  per  month  under  con- 
tract for  two  months  at  $1.50  per  day. 

There  are  no  Chinese  employed  as  laborers  on  the  canal,  but  at  every 
encampment  you  will  find  them  as  small  merchants,  and  in  the  city  of 
Panama  there  are  several  large  mercantile  Chinese  houses.  During  the 
construction  of  the  Panama  Railway,  and  once  since,  that  company  and 
the  Pacific  Mail  Steamship  Company  have  imported  large  qviantities  of 
Chuiese  as  stevedores  and  laborers,  but  each  time  they  have  been  a  fail- 
ure, and  the  companies  have  had  to  fall  back  upon  Jamaica  negroes. 
The  laborers  work  from  7  to  11  A.  M.  and  from  2  to  6  p.  M. 

The  clerks  and  office  men  work  from  8:00  to  11:00  A.  M.  and  from  2:00 
to  5:00  P.  M.  No  employe  of  the  Canal  Company  ever  by  any  accident 
overruns  these  hours.  There  is  no  night  work  done,  and  no  Sunday 
work. 

Most  of  the  actual  work  which  has  been  done  upon  the  line  of  the 
canal  has  been  done  by  contract,  and  in  all  of  these  contracts,  wita  the 
exception  of  two,  of  which  I  will  speak  later,  the  tools  and  all  the  neces- 
sary machinery  were  furnished  by  the  Canal  Company.  The  contractor 
is  obliged  to  give  bonds  for  only  10  per  cent,  of  the  amount  of  his  con- 
tract, and  to  pay  7  per  cent,  of  the  cost  of  the  tools  for  their  use. 

During  the  last  three  years  the  great  object  of  the  administration  on 
the  Isthmus  has  been  to  make  a  showing  in  the  amount  of  material  ex- 
cavated, and  therefore  any  one  who  could  give  any  bond  at  all  and  would 
agi*ee  to  commence  work  at  once  and  push  it,  could  make  his  own  con- 
ditions with  the  Canal  Company.  For  this  reason  all  the  large  contracts 
which  had  been  made  up  to  one  year  ago  were  all  in  favor  of  the  contrac- 
tor, and  any  of  them  who  lost  any  money  on  them  must  indeed  have  been 
stupid. 

In  these  contracts,  where  the  Canal  Company  furnished  all  the  tools  and 
machinery,  any  delay  caused  the  contractor  by  the  non-delivery  of  the  tools 
on  time  is  so  much  more  time  allowed  to  the  contractor  in  which  to 
finish  his  work,  and  any  expense  caused  the  contractor  by  the  non-deliv- 
ery of  the  tools,  etc.,  such  as  large  gangs  of  men,  locomotives  and  exca- 
vators standing  idle,  must  all  be  paid  for  by  the  Canal  Company.  The 
service  of  the  store-houses  being  organized  in  nothing  but  an  immense 
amount  of  "  red  tape,"  a  judicious  contractor  usually  had  a  monthly  esti- 
mate of  damages  due  him  tw^o  or  three  times  as  large  as  the  amount  due 
him  for  actual  work  done.  In  this  way  contracts  could  be  taken  at  a 
very  low  figure  and  still  prove  a  source  of  profit  to  the  contractor. 

To  illustrate  his  point  more  fully,  I  will  give  you  the  actual  figures  on 
one  of  the  largest  contracts  which  has  been  let  on  the  Isthmus.  The  con- 
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tract  price  per  eubic  metre  for  material  excavated  we  will  call  3  cts.  At 
the  end  of  one  year's  work,  taking  tlie  total  amount  of  money  which  had 
been  paid  tliis  firm  for  work  done  and  demurrage  on  the  maciiines,  when 
standing  idle  at  expense  of  the  Canal  Company,  and  dividing  this  amount 
by  the  actual  number  of  cubic  metres  excavated,  the  cost  to  the  Canal 
Company  per  cubic  metre  was  17  cts.  in  the  place  of  3  cts.,  as  per  contract. 

This  is  nither  an  extreme  case,  but  those  are  the  actual  proportions. 
You  can,  therefore,  see  at  once  the  fallacy  of  any  estimate  of  the  cost  of 
completion  based  upon  the  contract  prices,  and  it  is  upon  these  price* 
that  the  estimates  of  cost  have  been  based  by  the  canal  authorities. 

All  the  large  contracts  are  divided  into  sub-contracts  where  possible. 
No  contractor,  when  it  can  possibly  be  avoided,  ever  works  any  men  by 
the  day,  but  all  by  task  work.  But  the  large  gangs  of  laborers  who 
work  directly  for  the  Canal  Company  are  working  by  the  day.  That  is, 
putting  in  so  many  hours  per  day  on  the  work  for  %vhich  they  are  paid. 

Common  labor  receives  from  .$1.50  to  $3.00  per  day,  and  skilled  labor,^ 
as  machinists  and  boiler  makers,  $5.00  to  $10.00  per  day. 

All  the  laborers  receive  their  pay  every  two  weeks.  Office  men  receive 
theirs  once  a  month,  and  contractors  receive  theirs  once  a  month  or  as 
per  terms  of  their  contract. 

The  main  storehouses  of  the  canal  are  at  Colon,  but  at  each  section 
camp  there  is  a  large  one  well  stocked,  and  also  some  large  ones  in 
Panama.  These  store-houses  are  packed  with  everything  one  can 
imagine,  and  most  of  the  articles  in  the  most  ridiculous  quantities.  For 
example,  they  unloaded  and  packed  away  in  Colon,  in  one  place  at  the 
same  time.  600  anchors  all  of  the  same  size  and  make. 

Each  of  these  store-hcuses  is  in  charge  of  a  chief  and  a  number  of  as- 
sistants, who  report  to  the  Chief  General  of  the  Store-houses  and  Ma- 
terial. But  if  you  wish  for  anything  in  a  hurry,  the  only  way  to  get  it 
is  to  hunt  round  till  you  find  which  store-house  it  is  in,  and  then,  getting 
an  order  from  the  Director  General  of  the  canal  for  it,  go  and  get  it  your- 
self. 

MACHINERY. 

For  all  the  train  work  which  is  done  on  the  main  line  of  the  Panama 
Railroad,  American  locomotives  and  American  or  English  drivers  are 
used  entirely,  but  for  all  canal  work  in  their  own  yards  and  cuttings,  a 
small  French  or  Belgian  locomotive  is  used. 

The  dump  cars  used  in  the  excavation  are  of  English,  American  and 
French  make.  In  opening  all  the  works,  small  hand  cars  are  used  until 
there  is  a  sufficient  face  on  the  work  to  admit  the  use  of  the  steam 
excavator  or  the  steam  shovel. 

The  steam  shovel  used  the  most  and  the  one  which  gives  the  best  satis- 
faction is  the  Osgood  &  McNaughton,  Albany,  N.  Y. 

One  of  the  best  working  excavators  used  is  of  French  make.  It  con- 
sists of  an  endless  chain  of  buckets,  Avhich  works  either  at  right 
angles  to  the  track  upon  which  the  excavator  stands  or  in  the  same 
direction.  The  ladder  around  which  the  buckets  revolve  can  be  raised  or 
lowered  at  the  bottom  so  as  to  feed  the  buckets,  and  the  excavated  mate- 
rial is  dumped  into  a  hopper  about  20  feet  high,  from  which  it  falls  into 
a  dump  car  which  runs  upon  a  parallel  track.     The  motive  power  is  con- 
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nected  to  the  buckets  by  means  of  a  flat  chain  running  over  a  toothed 
wheel. 

The  company  have  on  hand  pumps  of  most  every  description  and  size, 
and  miles  of  large,  heavy  piping  which  they  propose  to  use  in  the  follow- 
ing manner.  Of  course  one  of  the  gravest  questions  to  be  answered  in 
•connection  with  the  construction  of  the  canal  is,  what  is  the  cheapest  and 
best  way  to  dispose  of  the  material  which  will  come  out  of  the  large  cuts 
in  the  interior  ?  There  is  very  little  cliance  for  spoil  banks  without 
crossing  the  mountains  into  the  next  valley,  and  the  length  of  haul 
stretching  out  into  miles.  Now  the  design,  and  to  a  certain  extent  the 
practice,  is  to  dump  all  this  material  into  large  tanks  placed  in  convenient 
positions  and  partly  filled  with  water.  These  tanks  contain  agitator^ 
which  reduce  the  whole  to  a  semi-fluid  state,  and  then  the  large  force 
pumps,  force  it  all  through  these  miles  of  pipes  to  the  most  convenient 
■dumping  ground.  At  every  section  camp  where  any  work  of  construc- 
tion is  going  on,  there  is  a  machine  shop  of  greater  or  less  extent.  The 
main  macliine  shops  are  at  Gorgona,  and  are  well  fitted  up  in  every 
<letail.  One  reads  a  great  deal  in  American  newspapers  about  the 
immense  quantities  of  machinery  which  have  been  allowed  to  rust  away 
to  ruin.  This  most  certainly  is  an  exaggeration.  Of  course,  some 
machinery  imported  has  been  ruined  by  rust,  but  only  a  very  small  per 
cent.  The  rest  of  it  is  all  taken  good  care  of  and  kept  in  working  con- 
dition. 

FLOATING  MATERIAL. 

This  includes  in  Colon  a  row-boat,  with  an  awning  and  from  one  to 
■eight  oarsmen  for  each  chief,  assistant  chief,  head  clerk,  clerk,  etc.  As 
a  man's  position  is,  so  is  the  number  of  his  boatmen. 

There  are  two  small  steam  launches  and  eighteen  tow-boats,  all  of 
them  very  small  except  six.  All  these  boats  are  of  metal  and  English 
•build.  There  are  six  large  steam  hopper  barges  (clapet),  also  English 
build.  These  barges  and  tow-boats  are  mostly  manned  by  Greeks 
who  are  the  best  sailors  and  pilots  to  be  found  in  that  part  of  the  world. 

All  the  dredges  used  on  the  Atlantic  end  of  the  canal  work  a  number 
of  buckets  u[^on  an  endless  chain.  There  are  three  classes  of  these 
■dredges  : 

1st.  Small  French  dredge. 

2d.  English  m  arine  dredge. 

8d.  American  dredge,  Hercules  type. 

The  French  dredge  is  a  small  dredge,  with  the  bucket  ladder  projecting 
in  front  so  that  it  can  dig  its  way  into  banks  and  thus  float  itself.  One 
drawback  to  it  is  that  it  has  to  be  held  to  its  work  and  moved  bodily 
from  side  to  side  and  ahead  by  pieans  of  chains  and  anchors  run  out 
ahead  and  on  each  side.  The  buckets  empty  into  a  hopper  25  feet  from  the 
water,  and  the  material  falls  at  once  into  a  scow  moored  alongside  for  the 
purpose,  and  which,  when  full,  must  be  removed  by  a  towboat  and 
another  put  in  its  place.  The  capacity  of  these  dredges  is  about  800 
cubic  metres  in  good  material  per  day.  The  English  marine  dredge  is 
built  all  of  steel  and  can  dig  40  feet  deep.  They  cost  the  Canal  Company 
$200,000  each.  They  have  only  two  of  them,  one  at  Colon  and  one  at 
Panami.    They  both  came  from  England  under  steam  alone. 
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The}'  can  only  be  used  in  deepening  clKiiinels,  etc.,  as  tliey  only  work 
under  themselves  and  must  always  have  enough  water  to  float  them. 
They  also  discharge  all  the  dredged  material  into  scows  or  clapets.  The 
power  in  both  the  marine  dredge  and  the  small  French  dredge  is  carried 
from  the  main  engine  to  the  shaft,  wliich  works  the  Imckets  by  means 
of  a  flat  chain  running  over  toothed  wheels. 
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The  capacity  of  the  marine  dredge  is  about  1,000  cubic  metres  per  day. 

The  American  dredges  are  built  and  owned  by  the  "American  Con- 
tracting and  Dredging  Company  "  of  New  York,  and  I  will  here  say  that 
this  company  and  the  Franco-American  Trading  Company,  which  as  yet 
has  done  no  work  to  speak  of,  are  the  only  contractors  on  the  Isthmus 
who  furnish  their  own  machines,  and  also  that  up  to  date  the  American 
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Contracting  and  Dredging  Company  are  the  only  contractors  who  liave 
made  any  headway  in  their  work,  or  have  complied  with  their  contract  as 
to  time.  At  the  rate  at  which  they  are  now  working  there  is  no  doubt 
but  that  all  tlieir  contract  will  be  finished  well  within  the  required 
time. 

The  main  differences  between  the  American  dredges  and  those  already 
named  is:  1st.  Their  immense  size,  the  tower  upon  them  being  75  feet 
high.  They  were  built  expressly  for  the  Panama  Canal,  and  dig  50 
metres  wide  by  10  metres  deep.  2d.  They  possess  the  following  great 
advantages : — 

All  the  material  which  they  dredge  is  discharged  at  once  upon  the  bank 
through  a  pipe  36  inches  diameter  and  150  feet  long,  and  thus  they  do 
away  with  the  use  of  all  scows  and  tow-boats.  In  the  last  dredge  built  by 
this  company,  "  The  New  York,"  there  is  a  discharge  upon  each  side  of 
the  tower  170  feet  long.  Tliere  is  enough  water  forced  through  these 
discharge  pipes  to  force  all  the  material  dredged  through  them  at  a 
velocity  of  500  feet  per  second. 

The  second  great  advantage  which  these  dredges  have  is  the  manner 
in  which  they  are  made  to  walk  themselves  right  up  to  their  work,  and 
thus  do  away  with  the  anchors  and  chains  in  front,  and  to  each  side. 
The  cut  on  the  preceding  page  is  a  sketch  of  the  working  deck  of  one  of 
these  dredges. 

Twenty  feet  from  the  stern  of  the  dredge  are  two  upright,  20-inch 
round  timbers,  70  feet  long,  and  pointed  and  shod  at  the  lower  end.  These 
two  timbers  pass  directly  through  the  bottom  of  the  dredge  at  the  points 
A  and  B.  H  K  is  the  end  of  the  bucket  ladder,  and  the  dotted  lines  C  K 
F  and  D  H  E  are  lines  passing  through  snatch  blocks  at  K  and  H,  and 
fastened  to  trees  at  E  and  F  upon  the  shore,  and  running  inboard  and 
around  gypsy  heads  at  D  and  C  When  the  dredge  is  at  work  the  cen- 
tre timber,  or,  as  it  is  ca'led,  spud  B,  is  down,  and  holds  the  dredge 
firmly  from  backing,  and  by  taking  in  on  D  and  C  alternately,  the 
buckets  are  moved  from  side  to  side  of  the  canal,  cutting  on  the  arc  of  a 
circle  of  which  B  is  the  centre. 

When  the  cut  has  been  finished  to  the  required  depth  and  it  is  re- 
quired to  move  ahead,  the  end  of  the  ladder  is  pulled  as  near  F  as  pos- 
sible, and  the  spud  A  being  then  in  the  position  of  the  dotted  circle  is 
dropped  and  the  sjiud  B  is  raised.  The  dredge  is  then  swung  round  on 
-4.  as  a  centre  until  H  is  as  near  E  as  possible,  when  the  spud  B  is  dropped 
and  A  raised  and  the  dredge  has  gone  ahead  a  full  cut.  When  the  canal 
is  being  cut  34  metres  wide,  the  dredge  moves  ahead  4  meters  each 
time. 

The  measurements  of  the  work  done  by  these  dredges  are  taken  at  the 
end  of  each  completed  cut  by  an  engineer  of  the  Canal  Company  who 
lives  on  the  dredge.  These  measurements  are  signed  in  duplicate  each 
12  hours  by  the  canal  engineer  and  the  captain  of  the  dredge,  also  a  re- 
port of  every  stoppage  which  has  been  made  by  the  dredge  and  the 
causes.  But  very  little  of  the  dredged  material  runs  back  into  the  canal 
after  having  been  deposited  on  the  bank.  Three  miles  of  the  canal  was 
sounded  after  it  had  been  dug  over  one  year,  and  less  than  18  inches 
had  run  back,  and   this   with   a  continual  passage  of    small   tow-boats 


NOTES  OX  THE  PANAMA  CANAL.  379 

with  ligliters  and  barges  in  tow ;  and  in  ref^ard  to  tl;is  I  may  say, 
that  the  climate  which,  by  its  heat,  moisture,  and  vinliealthiuess.  is  the 
greatest  enemy  to  the  canal  during  its  construction,  becomes  at  once  its 
best  friend  when  it  is  constructed,  because,  owing  to  the  rapid  growth  of 
vegetation,  one  j'ear  after  the  banks  of  the  canal  liave  been  constructed, 
they  will  be  so  hound  together  by  roots  and  vegetation  that  any  danger 
there  ma}' have  been  from  sliding  or  washing  will  be  done  away  with 
entirelj'. 

There  are  seven  of  these  dredges  now  at  work  on  the  Isthmus,  and 
the  number  of  cubic  metres  excavated  by  them  all  during  the  month 
of  Januai-y  last  was  728,000,  or  104,000  cubic  metres  per  dredge, 
which  is  the  largest  amount  of  work  ever  done  in  the  same  time  by 
any  machine.  The  total  number  of  cubic  metres  excavated  by  this 
company  up  to  January  31  is  5,300,000  cubic  metres,  or  more  than  one- 
third  the  whole  amount  of  work  done  on  the  Isthmus.  In  distance  they 
have  excavaied  11  kilometers,  or  6.6    miles  of  the  main  line  of  the  canal. 

The  "floating  disembarker,"  which  is  vised  for  the  unloading  of 
scows  and  barges  which  have  been  filled  by  dredges  when  the  material 
is  needed  for  embankments,  consists  of  two  large  pontoons  placed 
side  by  side,  with  enough  space  between  them  for  the  entrance  of  one 
of  th?se  dump  scows.  Upon  each  of  these  pontoons  is  a  tower  about 
30  ft.  high,  connected  at  the  top  by  a  stiff  truss.  From  the  centre  of  this 
truss  is  suspended  a  ladder  around  which  the  buckets  revolve.  The 
loaded  scow  is  hauled  in  between  the  pontoons,  the  buckets  lowered  and 
set  to  work.  The  dredged  material  is  discharged  in  the  required  place 
through  a  long  discharge-pipe. 

There  is  one  large  floating  derrick  with  a  capacity  of  60  tons. 

The  Franco- American  Trading  Company  have  a  large  contract  for 
dredging  upon  the  Pacific  side  in  the  valley  of  the  Rio  Grande;  but 
thus  far  they  have  done  no  work  to  speak  of. 

The  dredge  used  by  this  company  is  the  single  dipper  dredge,  built  by 
the  Pound  Manufacturing  Company,  Lockport,  N.  Y.,  and  in  the  manner 
in  which  it  has  to  be  used  on  the  Rio  Grande  it  is  not  a  success. 

Tlie  dredged  material  is  dumped  from  the  dipper  into  a  box  suspended 
from  a  derrick  upon  a  car  which  runs  along  the  side  of  the  canal.  When 
the  box  is  filled,  it  is  swung  away  from  the  canal  and  emptied.  The  pro- 
cess is  very  slow,  and  owing  to  the  marshy  ground  it  is  almost  impos- 
sible to  so  lay  the  track  upon  which  the  derrick  car  runs  as  to  give 
it  sufficient  stability. 

Owing  to  the  lack  of  water,  tlie  dredges,  can  only  be  worked  during  high 
tide,  and  therefore  have  hardly  dug  out  twice  their  own  lengtli  yet,  and 
the  (juestion  of  running  their  derrick  car  any  distance  yet  has  assumed 
no  importance. 

This  company  owns  its  machines  and  imports  them  in  sections,  to  be 
erected  on  the  spot.  These  are  some  of  the  principal  pieces  of  machinery 
which  are  at  work  on  the  Isthmus,  but  without  having  been  over  the  line 
■of  the  canal  and  seen  their  storehouses,  one  can  form  no  idea  of  the 
immense  amount  of  material  of  all  kinds  which  they  have  on  hand. 
In  fact,  the  whole  45  miles  of  the  canal  is  nothing  but  one  vast  store- 
house. 
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CHAGRES  RIVER. 

The  Chagres  River,  of  course,  is  the  obstacle  to  the  construction  of  the 
canal  which  requires  the  greatest  amount  of  study  to  be  overcome 
successfully.  It  crosses  the  line  of  the  canal  27  times,  and  in  its  upper 
part  is  from  100  to  150  feet  above  it.  The  first  idea  was  to  use  the  bed 
of  this  river,  in  part,  as  a  part  of  the  canal,  but  upon  a  very  slight 
examination  it  was  found  that,  owing  to  the  immense  amount  of  water 
which  sometimes  fell  in  a  few  hours,  and  the  extreme  rapidity  with 
which  it  is  emptied  into  the  river,  there  was  no  way  by  which  it 
could  be  controlled  so  as  to  be  used  as  part  of  the  canal  ;  and  thus,  what 
was  at  first  looked  upon  as  one  of  the  strongest  arguments  in  favor  of 
the  Panama  route,  has  since  developed  into  one  of  the  gravest  obstacles. 

In  June,  1883,  the  Chagres  at  San  Pablo  rose  44  feet  in  four  hours, 
and  swept  away  most  of  the  bridges  of  the  Panama  Railway. 

The  plan  which  was  finally  adopted,  and  is  being  now  put  in  practice, 
for  the  control  of  both  the  River  Chagres  and  the  Rio  Grande  on  the 
Pacific  slope,  is  to  so  change  the  course  of  these  rivers  that  in  the  place 
of  crossing  the  canal  they  are  carried  down  on  each  side  of  it  in  special 
canals  where  necessary,  and  the  canal  proper  protected  by  large  masonry 
walls  on  each  side  wherever  these  deviation  canals  approach  within  a 
dangerous  distance. 

Then  the  Chagres  is  to  be  further  controlled  as  follows  : 

A  short  distance  above  Matachin,  at  the  junction  of  the  Chagres  and 
the  Rio  Obispo,  the  Chagres  turns  sharply  to  the  east  and  passes  between 
the  Santa  Cruz  and  Obispo  mountains.  It  is  between  these  mountains 
that  a  large  dam  is  to  be  built  by  which  to  control  the  Chagres.  This 
dam  will  be  about  three-quarters  of  a  mile  long  and  150  feet  high,  with  a 
base  of  1,300  feet.  The  exterior  slope  will  be  four  to  one  of  broken  rock, 
well  revetted  by  heavy  masonry. 

Through  the  mountain  Azul  to  the  left  of  Santa  Cruz  will  be  cut  a 
tunnel  600  metres  long  and  7  metres  in  diameter,  through  which  will 
pass  the  waters  of  the  Chagres.  This  dam  will  be  built  of  the  material 
taken  from  the  large  cuttings  of  Obispo  and  Emperador. 

By  means  of  this  dam  and  tunnel  the  flow  of  the  Chagres  can  be  regu- 
lated and  in  times  of  flood  any  surplus  water  can  be  held  back. 

In  one  way  the  Chagres  has  been  of  some  advantage  to  the  construc- 
tion of  the  canal.  It  is  navigable  for  about  20  miles  from  its  mouth,  and 
thus  the  dredges  can  be  taken  up  the  river  and  started  to  work  on  the 
line  of  the  canal  at  all  the  points  where  the  river  crosses  the  canal  within 
this  20  miles,  thus  giving  a  great  number  of  points  where  work  can  be 
carried  on. 

AMOUNT  OF  WORK  DONE. 

The  total  number  of  cubic  metres  of  excavation  in  the  canal  proper  is 
122,000,000,  and  up  to  January  31,  the  total  amount  excavated  was  15. „ 
000,000  cubic  metres,  leaving  a  balance  of  107,000,000  cubic  metres  yet  to 
be  excavated  in  the  line  of  the  canal  proper,  and  also  all  the  extra  exca- 
vation needed  to  change  the  course  of  the  Chagres  and  Rio  Grande,  a-id 
also  the  improvements  in  the  harbor  at  Colon. 
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APPROXIMATE   STATEMENT  OF  THE    MONEY   WHICH   HAS    BEEN    SPENT. 

Excavatiou  15  millimeters $30,000,000 

Houses,  lands,  clearing,  etc 5  OOO  000 

Machinery,  material,  etc 36  OOQ  OOQ 

Adniinistratiiiu  in  Paris  and  the  Isthmus,  expenses  of  organization, 

etc.,  etc 29,000,000 

Cash  on  hand 7,000,000 

Total ?107,000,000 

To  raise  the  amount  of  money  the  liabilities  of  the  company  are  |150  - 
000,000,  which  at  4  percent,  equals  |6, 000, 000  annual  interest  which  the 
Canal  Company  now  has  to  pay. 

In  the  above  statement  of  the  amount  of  money  which  has  ben  spent, 
no  mention  has  been  made  of  the  $17,000,000,  which  was  the  price  paid 
by  the  canal  company  for  a  controlling  influence  in  the  Panama  Railway, 
as  no  one  outside  the  interested  parties  knows  in  what  manner  this  sum 
is  to  be  paid.  Although  the  price  seems  tremendous  to  pay  for  the  con- 
trol of  a  railway  47  miles  long,  still,  when  the  importance  of  the  railway  to 
the  canal  is  fully  realized,  one  can  see  that  it  is  about  the  best  spent  money 
and  wisest  operation  of  the  canal  company.  Although  the  French  have 
now  the  full  control  of  this  railway,  tbey  have  shown  the  good  sense  to 
leave  the  management  of  it  entirely  in  the  hands  of  its  former  American 
managers. 

Of  course,  any  estimate  of  the  cost  of  completing  the  Panama  Canal 
must  be  purel}'  conjectural.  But  we  must  remember  that  it  will  not  be 
fair  to  base  any  of  this  estimate  upon  the  actual  cost  of  the  work  that 
has  been  done.  Much  money  has  been  spent  in  forming  the  company 
and  such  expenses,  much  more  in  buying  their  working  plant,  which 
they  have  now,  and  much  more  has  been  spent  in  buying  experience  and 
paying  for  the  most  costly  experiments,  the  results  of  which  they  now 
have  and  from  which  they  can  profit. 

APPROXIMATE    ESTIMATE    OF    THE    COST    OF    FINISHING    THE   PANAMA   CANAL   IN 

EIGHT   YEARS. 

Excavation,  107,000,000  cubic  metres,  at  1.50 $160,500,000 

Chagres  River  and  harbor 40,000,000 

Administration 3,000,000 

Total .«!203,500,000 

Banking  and  interest,  8  years 80,000,000 

Total $283,500, 000 

Interest  on  283.5  million  at  4  per  cent $11 ,340,000 

Interest  on  money  already  raised 6,000,000 

Annual  interest §17,340,000 

which  will  be  due  if  canal  is  finished  in  eight  years  at  above  cost.  When 
the  canal  is  opened  for  ships  the  company  can  only  charge  $3  per  ton  for 
saving  them  8.000  miles  in  distance,  and  it  would  therefore  take  5,780,000 
tons  yearly  to  pay  the  interest.  The  amount  of  tonnage  which  will  pass 
through  the  canal  has  been  variously  estimated  from  3  to  8  millions. 

Any  estimate  as  to  the  amount  of  business  which  will  be  done  by  the 
Panama  Canal  when  it  is  finished  must  be  purely  conjectural. 
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The  first  year  the  Suez  Canal  was  in  operation  its  revenue  from  tolls 
was  $900,000,  in  ten  years  its  revenues  were  $7,500,000,  and  now  they  are 
$12,000,000  annually. 

There  are  no  insurmountable  obstacles  in  the  way  of  the  completion  of 
the  Panama  Canal  in  a  few  years.  The  only  question  is  money,  and 
certainly  as  long  as  De  Lesseps  lives  there  will  be  no  lack  of  that. 

The  management  on  the  Isthmus  has  been  loose  and  disjointed,  but  it 
is  improving  rapidly  now.  Undoubtedly  money  has  been  wasted,  but  no 
greater  percentage  than  in  other  large  enterprises.  The  work  is  being 
pushed  in  every  direction.  Contractors  are  being  held  to  their  contracts, 
and  although  no  one  can  state  the  time  when  the  canal  will  be  finished, 
still  no  one  can  advance  any  proof  or  reason  why  it  cannot  be  finished 
within  the  next  eight  years. 
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WESTERN  SOCIETY  OF  ENGINEERS. 

July  6,  188(5  :— The  226tb  meeting  was  held  at  7:30  p.  m.,  President  Wright  in 
tbe  chair. 

Ou  motion  of  Mr.  Seymour,  Mr.  Bates  was  made  Secretary  pro  tern. 

The  minutes  of  the  last  preceding  meeting  were  read  and  approved. 

Applications  for  membership  were  received  from  : 

Prof.  I.  O.  Baker,  University  of  Illinois,  Champaign,  111. 

Robert  J.  Cram,  Contracting  Engineer,  Detroit. 

S.  C.  A.  Holth,  Mechanical  Engineer  and  Chemist,  226  La  Salle  street,  Chicago, 
111. 

W.  L.  B.  Jenney,  Architect  and  Engineer,  Chicago,  111. 

Louis  Mohr,  Consulting  Engineer,  Chicago,  111. 

A.  S.  Pare',  Patent  Solicitor,  204  Dearborn  street,  Chicago,  111. 

Wm.  Scherzer,  Assistant  Engineer  Keystone  Bridge  Co.,  Chicago,  111. 

O.  C.  Simonds,  Superintendent  Graceland  Cemetery,  Chicago,  111. 

Angus  Sinclair,  Editor  National  Car  and  Locomotive  Builder,  Chicago,  111. 

The  following  persons  were  elected  Members  • 

Sigwald  Udstad,  Mechanical  Draughtsman,  C.  &  N.  TV.  Ry.,  315  W.  Huron 
street  Chicago,  111 . 

Alva  M.  Van  Auken,  Resident  Engineer  F.  E.  &  M.  V.  R.  R. ,  Fremont,    Neb. 

Geo.  T.  Wickes,  Mining  Engineer,  Bozeman,  Montana. 

A  letter  of  thanks  from  the  American  Society  of  Mechanical  Engineers  wae 
read  and  placed  on  file. 

The  Secretary  was  instructed  to  notify  the  Trustees  that  the  lease  for  Society- 
rooms  was  ready  for  execution. 

A  paper  on  Gravel  Roadways  with  Telford  FouNDAXiOiiS,  by  C.  P. 
Matlack,  was  read  and  discussed. 

[Adjourned.1  W.  S.  Bates,  Secretarj'  pro  tern. 

Regular  meetings  are  held  on  the  first  Tuesday  of  each  month  at  7:30  p.  m. 


August  3,  1886  :,-The  227th  meeting  was  held  at  7:30  p.  m.  ,  President  Wright 
in  the  Chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved . 

Applications  to  be  admitted  to  membership  were  received  from  : 

James  Wilbur  Carrier,  Assistant  Engineer,  Chicago  &  Alton  R.  R. ,  Chicago. 

Eugene  Dietzgen,  Manufacturer  of  Engineers'  Supplies,  774  Sedgwick  street, 
Chicago. 

John  Herron,  Assistant  Engineer,  Montana  Central  Railway,  Helena,  Montana. 

Edwin  A.  Hill,  Acting  Chief  Engineer,  Indianapolis,  Decatur  &  Springfield 
Railway,  Indianapolis,  Ind. 

Otto  Luhring,  Manufacturer  of  Engineers'  Supplies,  749  N .  Wells  street,  Chi- 
cago. 

Otto  William  Meysenburg,  Manufacturer,  185  Dearborn  street,  Chicago. 

George  Rosen  Sin:pson,  Draftsman  Chicago  Forge  &  Bolt  Co.  Bridge  Works, 
Chicago. 

John  Townsend,  Engineer  and  Manufacturer,  185  Dearborn  street,  Chicago. 

The  following  persons  were  elected  Members  : 
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I.  O.  Baker,  Professor  of  Civil  Engineering,  University  of  Illinois,  Champaign 
111. 

Robt.  J.  Cram,  Contracting  Engineer,  80  Griswold  street,  Detroit,  Mich. 

S.  C.  A.  Holth,  Mechanical  Engineer  and  Chemist,  226  La  Salle  street,  Chi- 
cago. 

W.  L.  B.  Jenney,  Architect  and  Engineer,  Chicago. 

Louis  Mohr,  Consulting  Engineer,  32  Illinois  street,  Chicaga 

A.  S.  Pare,  Patent  Solicitor,  204  Dearborn  street,  Chicago. 

Wm.  Scherzer,  Assistant  Engineer  Keystone  Bridge  Co.,  Chicago. 

O.  C.  Simonds,  Superintendent  Graceland  Cemetery,  Chicago. 

Angus  Sinclair,  Editor  National  Car  and  Locomotive  Builder,  Chicago. 

Mr.  Wright,  referring  to  a  paper  read  by  him  before  the  Society,  Jauuary  15, 
1884,  on  the  Rasmtjsen  Cable  System  as  Applied  to  Street  Railways, 
stated  that  an  experimental  section  of  3,000  feet  in  length  of  this  system  was 
being  laid  by  the  Chicago  West  Division  Railway  Company.  A  general  dis- 
cussion was  had  on  the  different  kinds  of  street  railroads  and  the  motive  power 
used  thereon . 

It  was  voted  that  600  copies  of  the  Constitution  and  By-Laws  and  List  of 
Members  should  be  printed. 

lAdjourned.]  L.  P.  Morehouse,  Secretary. 

A  copy  of  the  Journal  of  the  Association  of  Engineering  Societies  is  sent 
monthly  to  each  member.    If  not  received,  please  notify  the  Secretary. 


CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


December  8,  1885  : — Regular  meeting  held.  President  Holloway  in  the  chair. 

Minutes  of  the  last  meeting  were  read  and  approved . 

Resolutions  of  thanks  were  received  from  the  Delegates  attending  the  Convention 
of  Civil  Engineers,  recently  held  in  the  city,  for  courtesies  received. 

On  motion,  the  correspondence  between  the  Executive  Committee  on  the  relation 
between  the  Civil  and  Military  Engineers  on  Government  works  and  the  different 
Societies  was  turned  over  to  said  Executive  Committee. 

Messrs.  Warner  and  Swasey  extended  an  invitation  to  the  Members  of  the  Club 
to  visit  their  observatory  and  inspect  the  new  astronomical  telescope  recently 
manufactured  by  them.     The  invitation  was  accepted  with  thanks. 

The  report  of  the  Committee  on  Civil  Engineering  on  Public  Works  was 
received,  and  the  question  of  ratifying  the  course  adopted  by  the  Convention  of 
Engineers  was  postponed  until  the  next  Tuesday  evening. 

Messrs.  Welty,  Morse  and  Kingsley  gave  notice  of  a  proposed  amendment  to 
Article  XIII.  of  the  By-Laws,  providing  for  eight,  in  place  of  seven,  standing 
committees  of  the  Club  ;  the  eighth  to  be  entitled  "A  Committee  on  Nationaj 
Public  Works,"  as  requested  by  the  Convention  held  in  Cleveland,  Dec.  3,  4  and 
5,  1885. 

Mr.  Clarence  M.  Barber  read  a  paper  entitled  "  Old  Bridges  Under  New 
Loads." 

lAdjourned.]  M.  W.  Kingsley,  Recording  Secretary. 


December  15,  1885  : — Special  meeting,  called  to  consider  the  report  of  the 
Committee  upon  the  Convention  of  Civil  Engineers,  held  in  Cleveland,  December 
3,  4  and  5,  1885,  to  consider  the  relation  between  the  Civil  and  Military 
Engineer  upon  Civil  Public  Works. 

Meeting  called  to  order.  President  Holloway  in  the  chair.  In  the  absence  of  both 
Secretary  and  Assistant  Secretary,  M.  E.  Rawson  was  elected  Secretary  pro  tern. 

The  discussion  was  resumed  upon  the  resolution  of  the  previous  meeting,  to 
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adopt,  as  the  sense  of  the  Club,  the  report  submitted  to  the  Convention  by  Messrs. 
Davis,  Corthell  nud  Marx.  After  an  extended  discussion  of  the  subject  by  the 
Members,  the  resolution  was  adopteil. 

The  report  referretl  to  is  as  follows  : 

To  the  Convention  representing  the  Civil  Engineering  Societies  of  the  United 
States  by  their  delegates  assembled  at  Cleveland,  Ohio  : 

Gentlemen  :— Your  Committee  on  the  "  Report  of  the  action  of  the  Convention, 
said  report  to  be  submittetl  by  the  delegates  to  their  respective  societies,"  respect- 
fully submit  the  following  as  their  final  report : 

The  foremost  nations  of  the  Old  "World  have  organized  systems  of  internal  im- 
provements. The  United  States  at  present  has  no  such  system.  The  marvelous 
development  of  this  great  country  demands  some  adequate  organization  of  such  a 
system. 

In  the  formation  of  such  an  organization,  advantage  should  be  taken  of  the  best 
features  of  the  systems  of  other  nations. 

The  main  reason  for  the  success  of  such  works  in  foreign  countries  is  due  to  the 
fact  that  they  are  executed  under  a  civil  administration,  although  the  Govern- 
ments themselves,  in  other  respects,  are  more  essentially  military  than  our  own. 

The  distinguishing  feature  of  these  organizations  is  the  employment  of  the  best 
available  talent,  ot  men  especially  fitted  by  education,  training  and  experience,  to 
design  and  execute  such  works. 

Under  our  present  methods,  the  Government  cannot  possibly  secure  such  trained 
skill.  The  reason  is,  that  no  emoluments  or  reputation,  commensurate  with  the 
service  rendered,  or  equal  to  what  can  be  obtained  on  other  civil  works,  are 
attained  on  the  public  works  of  our  Government. 

These  facts  deter  men  of  experience  from  entering  the  service  of  the  Govern- 
ment, and  also  those  who  have  gained  experience  therein,  from  remaining  in  its 
employ. 

Recognizing  that  a  comprehensive  system  of  public  works  is  necessary,  we 
respectfully  suggest  that  Congress  should  be  asked  to  establish  a  Civil  Bureau  of 
Public  Works;  the  basis  of  organization  of  this  bureau  to  be  made  the  subject  of 
study  and  report,  by  a  Board  appointed  by  the  President  of  the  United  States  ; 
said  Board  to  consist  of  seven  members — three  military  engineers,  three  civil  engi- 
neers, and  one  member  of  the  legal  profession. 

Cle\t:land,  Ohio,  Dec.  5,  1885. 

Professor  Eisenmann  moved  to  adopt  the  first  clause  of  the  report  of  Messrs. 
Eisenmann,  Loweth  and  Kurth  to  the  Convention,  in  reference  to  the  pei-petuatioo 
of  its  work  by  the  appointment  of  a  Permanent  Committee  on  National  Public 
Works. 

Mr.  Mordecai  moved  an  amendment  to  postpone  the  further  discussion  of  the 
question  until  the  February  meeting. 

A  very  general  discussion  followed  this  amendment,  and  various  others  were 
suggested,  when  the  same  gentleman  presented  the  following  resolution  as  a  sub- 
stitute, which  was  adopted  : 

i?esoZverf,  That  the  Committee  heretofore  appointed  (April  14,  1885,  consisting 
of  Messrs.  Eisenmann,  Rice,  Laman,  Blunt  and  Ritchie,  in  relation  to  the  matter 
before  the  Convention)  be  continued  under  the  name  of  the  Committee  on  National 
Public  "Works,  to  serve  until  discharged. 

Mr.  "U'hitelaw  presented  the  following,  which  was  adopted  : 

Resolved,  That  the  Chairman  appoint  a  committee  of  seven  (7),  of  which  he  shall 
be  one,  to  take  into  consideration  and  report  a  programme  for  the  annual  meeting 
in  March. 

The  following  resolution  bv  Mr.  Blunt  was  adopted  : 

Resolved,  That  the  thanks  of  the  Civil  Engineers'  Club  of  Cleveland  be  tendered 
to  the  management  of  "  The  Hollenden"  for  the  marked  courtesy  and  attentioa 
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shown  the  delegates  from  various  engineering  societies  of  the  country  to  the  Con 
vention  which  was  recently  called  to  Cleveland,  by  this  Club,  and  also  for  the  free 
use  of  rooms  for  certain  deliberations  of  said  Convention. 

Professor  Eiseumauu  moved  that  the  proceedings  of  the  Convention,  as  published, 
be  presented  to  the  Journal  of  the  Association  of  Engineering  Societies 
for  publication.     Adopted. 

lAdjourned.]  M.  E.  Rawson,  Secretary  pro  tern. 


January  12,  1886  :— Regular  meeting  held.  Professor  Holloway  in  the  chair. 

Minutes  of  the  last  two  meetings  were  read  and  approved. 

Major  Overman  presented  to  the  Club  the  annual  report  of  the  harbors  on  Lake 
Erie  west  of  Buffalo,  except  at  Erie  and  the  Sandusky  river.  The  Club  also 
received  the  map  of  the  preliminary  surveys  of  the  Lower  Mississippi,  river  through 
the  Secretary  of  the  Commission. 

The  Corresponding  Secretary  was  instructed  to  return  the  thanks  of  the  Club 
for  the  same. 

Mr.  Mordecai  offered  the  following  : 

Resolved,  That  the  President  appoint  a  Committee  of  three  to  nominate  two 
tickets  for  officers  for  the  ensuing  year. 

Mr.  Blunt  offered  the  following  as  a  substitute,  which  was  adopted  : 

Resolved,  That  the  Programme  Committee  be  constituted  a  Committee  on 
Nominations,  with  instructions  to  report  at  the  February  meeting  two  lists  of  can- 
didates for  officers  for  the  ensuing  year. 

Mr.  J.  L.  Gobeille  read  a  paper  entitled  "  Engineering  and  Mechanical  Problem. 
Relating  to  Stove  Construction."  Mr.  Gobeille's  paper  was  accompanied  with  full- 
sized  models  and  patterns  of  stoves,  and  with  many  drawings. 

On  motion,  the  Treasurer  was  instructed  to  pay  $5  to  the  Janitor  of  Case  Library 

The  application  of  Luther  Allen  for  associate  membership,  and  J.  M.  Ackley 
for  active  membership,  were  reported  favorably  upon  by  the  Committee  on  Mem- 
bership, and  upon  motion  the  gentlemen  were  elected  unanimously. 

The  Committee  on  Annual  Banquet  was  instructed  to  complete  the  arrange- 
ments, and  to  have  the  annual  meeting  and  banquet  held  on  separate  evenings,  if 
deemed  advisable. 

lAdjourned.'\  M.  W.  Kingsley,  Recording  Secretary. 


February  9,  1886  :— Regular  meeting  held. 

Minutes  of  last  meeting  were  read  and  approved. 

The  Committee  on  Progranune,  as  a  nominating  committee,  presented  the  fol- 
lowing names  from  which  to  choose  officers  for  the  ensuing  year  : 

President,  Charles  Latimer  and  William  H.  Searles.  Vice-President,  Ambrose 
Swasey  and  S.  T.  Wellman.  Corresx>onding  Secretary,  J.  S.  Oviatt  and  E.  H. 
Jones.  Recording  Secretary,  C.  M.  Barber  and  J.  L.  Gobeille.  Treasurer,  S. 
J.  Baker  and  N.  P.  Bowler.  Member  of  Board  of  Managers  of  Association  of 
Engineering  Societies,  Augustus  Mordecai  and  M.  E.  Rawson. 

(Signed)  W.  P.  Rice,      j 

N.  B.  Wood,    i  ^'^^• 

The  Committee  on  Banquet  reported  progress,  and  recommended  the  Stillman 
House  as  the  place  for  holding  the  annual  banquet. 

Mr.  Latimer  presented  a  picture  of  Mr.  Ashbel  Welsh,  a  prominent  civil  engi- 
neer and  late  President  of  the  American  Society  of  Civil  Engineers. 

Mr.  C.  P.  Leland  presented  a  picture  of  Mr.  Charles  Paine,  the  First  President 
of  the  Club.     Both  gentlemen  received  a  vote  of  thanks  for  their  donations. 

Mr.  Eisenmann  presented  a  publication  entitled  "  A  Rational  Policy  on  Public 
Works;"  also,  a  London  publication  on  Engineering. 
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Tht'  fullowing  publications  were  also  received  :  Proceedings  of  the  Engineers' 
Club  of  Philiult'li)bia,  Transactions  of  the  Technical  Society  of  the  Pacific  Slope 
{ordered  bound),  Connecticut  Association  of  Civil  Engineers  and  Surveyors, 
American  Institute  of  Mining  Engineers,  Proceedings  of  Association  of  Dominion 
Land  Surveyors,  Engineers'  Club  of  St.  Louis,  Nebraska  Association  of  Civil 
Engineers  and  Surveyors,  American  Society  of  Civil  Engineers,  American  Asso- 
ciation of   Mining  Engineers,  Report  of  the  Massachusetts  Drainage  Commission. 

W.  P.  Rice  reported  the  death  of  Mr.  J.  S.  Lawrence,  Member  of  the  Club, 
at  Buffalo,  N.  Y.,  at  the  age  of  74  years  and  8  months,  and  moved  that  a  Com- 
mittee be  appointed  to  take  aj^propriate  action  on  the  same.  Adopted,  and  Messrs. 
L.  C.  Overman,  Chas.  Latimer  and  W.  P.  Rice  were  appointed  .such  Committee. 

A  vote  of  thanks  was  extended  to  Mr.  Clark,  of  Boston,  for  the  report  received 
of  the  Massachusetts  Drainage  Commission. 

The  Committee  appointed  to  obtain  the  portraits  of  deceased  Members  reported 
progress. 

A  recess  of  10  minutes,  for  consultation,  was  taken. 

Mr.  J.  L.  Culley  read  a  paper  entitled  "  Hillside  Drainage."  After  discussion 
the  Club  adjourned.  F.  C.  Bate,  Assistant  Recording  Secretary. 

March  9,  1886  :— Regular  and  Annual  Meeting  held.  President  HoUoway  in 
the  chair. 

Minutes  of  last  meeting  were  read  and  approved. 

The  annual  reports  of  the  Treasurer,  Recording  Secretary,  and  Member  out  of  the 
Board  of  Managers  of  the  Association  of  Engineering  Societies  were  received  and 
■ordered  placed  on  file.  The  Treasurer's  report  showed  :  total  receipts  $1,157.16, 
■disbursements  $861.35  ;  balance,  -$295.81. 

The  President  appointed  Messrs.  J.  L.  Culley,  Thomas  West,  and  N.  B.  Wood 
as  tellers  to  count  the  votes  received  by  letter  for  ofHcers  of  the  Club  for  the 
ensuing  year. 

Letters  were  received  from  Major  L.  Cooper  Overman,  U.  S.  A.,  and  Mr.  Wm. 
M.  Barr,  tendering  their  resignations  as  Members  of  the  Club,  which,  upon  the 
recommendation  of  the  Committee  on  Membership,  were  accepted. 

The  petition  of  M .  Baackes  and  Bruno  Kniffler  for  active  membership  were 
received,  and  upon  the  recommendation  of  the  Committee  on  Membership,  they 
were  elected. 

Books  and  pamphlets  were  received  as  follows  :  Terminal  Facilities  at  the  Port 
of  New  York,  by  Gratz  Mordecai  ;  Atlantic  and  Pacific  Ship  Railway  across  the 
Is!  hmus  of  Tehuantepec,  from  James  B.  Eads  ;  lithographic  sheets  of  Rolled 
Beams,  from  Cooper,  Hewitt  &  Co. 

The  tellers  appointed  to  count  the  ballots  reported  the  following-named  persons 
elected  :    President,  Charles  Latimer  ;     Vice-P)'esident,  Ambrose  Swasey  ;  Cor- 
responding Secretary,  James  S.   Oviatt  ;    Recording  Secretary,   Clarence    M. 
Barber  ;   Treasurer,  S.  J.  Baker  ;  Member  of  Board  of  Managers  of  the  Associa- 
tion of  Engineering  Societies,  M.  E.  Rawson. 

A  vote  of  thanks  was  tendered  the  retiring  oflBcers. 

President  Holloway  read  a  short  report,  his  regular  address  being  reservea 
for  the  evening  of  the  annual  banquet. 

On  motion,  the  Club  took  a  recess  until  Saturday  evening,  March  13,  for  the 
annual  banquet  at  the  Stillman  House. 

March  13, 1886  : — Stillman  House. — Members  and  invited  guests  assembled  at 
the  annual  banquet  of  the  Club. 

President  Holloway  delivered  his  annual  address,  which  was  f-^llowed  by  the 
annual  supper. 

The  rest  of  the  evening  was  spent  in  listening  to  toasts  and  speeches,  and  in  social 
intercourse.  M.  W.  Kingslet,  Recording  Secretary. 
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March  23,  1886  : — Special  semi-monthly  meeting  held,  President  Latimer  in 
the  chair. 

The  President  in  his  introductory  address  complimented  the  retiring  President 
and  officers  for  the  satisfactory  manner  in  which  they  had  fulfilled  the  various 
positions  assigned  them.  At  the  conclusion  of  his  address,  the  President  announced 
the  committees,  to  be  appointed  at  the  next  regular  meeting,  as  follows  : 

Publication  and  Library — M.  E.  Rawson,  M.  W.  Kingsley  and  James  Ritchie. 

Membership— 3 ohn  Whitelaw,  Alex.  E.  Brown  and  B.  F.  Morse. 

Civil  Engineering  and  Surveying — Wm.  H.  Searles,  J.  D.  Varney,  J.  L.  CuUey, 
J.  H.  Sargent  and  C .  G.  Force. 

Architechire. — J.  N.  Richardson,  J.  M.  Blackburn,  C.  O.  Arey,  Theo.  Rosen- 
berg and  F.  A.  Coburn. 

Subjects  Pertaining  to  Scientific  Pursuits — Prof.  E.  W.  Morley,  W.  R.  Warner, 
Geo.  Bartol,  N.  S.  Possons  and  G.  A.  Hyde. 

Railroad  Engineering— A.  Mordecai,  James  L.  Sterling,  W.  C.  Jones,  J.  C. 
Brewer  and  L.  H.  Clark. 

Mechanical  Engineering— J .  F.  Holloway,  S.  T.  Wellman,  John  Walker,  J.  H. 
Greenwood  and  Joseph  L.  Gobeille. 

Mr.  Wm.  T.  Blunt,  having  removed  to  California,  tendered  his  resignation  as 
an  active  member  of  the  Club,  and  requested  that  he  be  re-elected  a  corresponding 
Member.  Resignation  accepted,  and  request  as  to  corresponding  membership 
referred  to  the  Committee  on  Membership. 

The  resignation  of  Mr.  J.  B.  Merriam  was  received  and  referred  to  the  same 
Committee . 

On  motion  of  Mr.  Varney,  Mr.  W.  H.  Searles  was  elected  to  fill  the  vacancy  on 
the  Committee  on  Public  Works,  caused  by  the  removal  and  resignation  of  Mr. 
Blunt. 

Mr.  Eisenmann  stated  that  there  would  be  a  meeting  of  the  Committee  on  Public 
Works  on  the  29th  or  30th  inst.  He  stated  that  about  25  Societies  were  now  in 
*he  movement. 

Mr.  Walter  P.  Rice  read  the  memoir  prepared  by  the  Committee  on  the  Death 
of  Mr.  James  S.  Lawrence,  Member  of  the  Club.  Mr.  Rice  also  presented  a 
sketch  of  Mr.  Lawrence's  life. 

Mr.  Latimer  stated  that  although  his  acquaintance  with  Mr.  Lawrence  began 
only  about  four  years  ago,  he  had  learned  to  love  and  honor  him.  He  was  pecu- 
liarly calculated  to  wm  confidence  and  affection.  He  was  always  earnest  and 
faithful  in  whatever  he  undertook.  He  was  a  regular  attendant  at  the  meeting, 
of  the  Club  and  of  the  Weights  and  Measures  Society.  In  his  death  we  have  lost 
not  only  a  Member,  but  a  true  and  earnest  friend. 

On  motion  of  Mr.  Wood,  the  report  of  the  Committee  was  adopted,  and  the 
report  and  remarks  were  ordered  spread  upon  the  minutes  of  the  Club. 

Mr.  Latimer  spoke  of  the  loss  the  Club  had  sustained  in  the  death  of  Mr.  J.  H. 
Devereux,  Member  of  the  Club. 

Mr.  J.  F.  Holloway,  on  behalf  of  the  Committee  appointed  for  this  purposes 
presented  the  following  resolutions  : 

Resolved.  That  it  is  with  much  sorrow  and  regret  that  we,  as  Members  of  the 
Civil  Engineer's  Club  of  Cleveland  are  called  upon  to  transfer  from  our  mem- 
bership list  to  the  roll  of  our  honored  dead  the  name  of  Gen.  J.  H.  Devereux. 

That  in  the  death  of  General  Devereux  we  lose  a  Member  who  was  among  the 
first  to  join  us,  and  who,  while  his  numerous  duties  and  cares  left  him  no  time  in 
which  to  attend  our  meetings,  ever  expressed  a  warm  interest  not  only  in  the 
welfare  of  the  Club,  but  as  well  in  the  profession  of  engineering,  with  which  in 
early  life  he  became  identified,  and  which  he  ever  afterward  held  in  high  esteem. 

That,  in  the  life  of  our  esteemed  Member,  there  has  been  exemplified  the  out- 
come of  a  career  which,  beginning  in  a  firm  determination  to  deal  justly  by  all 
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men ;  to  seek  no  favors  not  justly  earned  ;  to  accord  to  others  what  he  asked  for 
himself,  coupled  with  a  most  courteous  treatment  of  all,  irresjx'ctive  of  wealth  or 
position,  has  not  only  added  lustre  to  an  honored  name,  but  has,  as  well,  left  an 
example  all  will  do  well  to  follow. 

That,  ns  Members  in  an  association  in  which  he  had  many  warm  and  trusted 
friends,  we  desire  to  add  our  tribute  of  respect  to  his  memory,  our  high  apprecia- 
tion of  his  life's  record,  and  our  sympathy  with  the  family  and  those  friends  who, 
knowing  him  better,  will  miss  him  most ;  and  that  it  is  the  sense  of  this  meeting 
that  those  resolutions  be  spread  upon  the  minutes  of  the  Club,  and  that  a  copy  be 
sent  to  the  family  of  our  deceased  Member,  coupled  with  the  request  that  his  por- 
trait be  sent  us  to  take  its  place  among  those  who,  as  engineers  and  men  of  integrity 
and  ability,  have  aided  the  world's  progress  and  benefited  their  race. 

In  supplementing  the  report,  Mr.  HoUoway  said  that  he  had  not  the  pleasure- 
of  an  intimate  acquaintance  with  Mr.  Devereux,  but  that  a  year  ago  he  had 
called  upon  him  to  ascertain  if  he  could  attend  the  annual  meeting  and  make 
some  remarks.  Mr.  Devereux  was  about  to  depart  on  a  journey,  but  with  kindly 
consideration  he  laid  aside  his  work  and  evinced  a  sincere  interest  in  the  welfare 
of  the  Club,  and  wished  that  he  could  attend  the  meeting,  but  his  approaching 
journey  rendered  it  impossible.  He  fulfilled  the  duties  of  a  difficult  position  with 
a  high  sense  of  right  and  justice. 

Mr.  J.  H.  Sargent  said  that  Mr.  Devereux  came  to  Cleveland  at  the  age  of 
seventeen  years  from  school  in  the  East,  and  took  the  position  of  rodman  upon  a 
survey  of  which  he  (Mr.  Sargent)  had  charge.  Other  young  men  just  out  of 
school  did  not  think  much  of  engineers  from  the  backwoods.  Not  so  with  Mr. 
Devereux  ;  he  was  always  cordial  and  good-natured,  and  his  heart  was  in  his 
work.  He  began  work  with  the  Cleveland  &  Columbus  road  (now  a  part  of  the 
C,  C,  C.  &  I.  R.  R.),  and  ended  his  life  with  it. 

Mr.  Mordecai  said  that  in  his  intercourse  with  Mr.  Devereux  he  had  always 
been  impressed  by  his  charm  of  manner,  by  the  interest  with  which  he  entered 
into  the  affairs  of  those  who  sought  advice  and  assistance  from  him.  He  spoke  of 
what  Mr.  Devereux  had  done  for  the  A.  &  G.  W.,  now  the  N.  Y.,  P.  &  O.  Rail- 
road, and  of  the  fact  that  he  always  treated  his  men  with  kindness.  Mr.  Mor- 
decai said  that  his  death  seemed  especially  calamitous  at  this  time,  when  we  are 
on  the  verge  of  a  struggle  between  labor  and  capital. 

Mr.  Latimer  said  that  before  Mr.  Devereux  took  charge  of  the  A.  &  G.  W.  R.  R. 
there  was  no  harmony.  The  principal  officers  were  in  New  York,  and  when  he 
came  he  called  the  officials  together  and  said  :  "  We  must  have  harmony  in  this 
work,  and  you  must  all  strive  with  me  to  make  this  property  what  it  ought  to  be." 
Immediately  there  was  a  calm  ;  it  was  like  oil  upon  the  troubled  waters.  He 
understood  the  art  of  managing  men  ;  he  governed  without  appearing  to  govern. 
When  be  appointed  me  Chief  Engineer  of  the  road,  he  said  :  "  I  shall  not  ask  you 
for  details,  but  results."  With  his  management  each  officer  had  the  opportunity 
to  exhibit  whatever  ability  he  had,  and  each  strove  to  make  his  work  good.  Mr. 
Devereux  knew  that  his  men  required  rest,  and  he  strove  that  they  should  have  it. 
He  ordered  that  no  work  should  be  done  in  the  offices  on  Sunday  ;  no  passenger 
or  excursion  trains  were  permitted  to  start  on  that  day  ;  the  only  rains  run  were 
for  the  mails  and  perishable  freight.  If  men  could  be  handled  as  he  had  desired, 
there  would  be  no  need  of  labor  organizations  in  the  country.  He  was  interested 
in  everything.  Like  the  sage  of  old,  he  could  say  ;  "  I  am  a  man,  and  nothing 
that  concerns  humanity  do  I  deem  a  matter  of  indifference  to  me."  In  all  the 
work  of  his  life,  the  desire  to  serve  his  God  animated  him. 

On  motion  of  Mr.  Eisenmann,  the  report  of  the  Committee  was  accepted  and 
their  recommendations  adopted. 

Mr.  Rosenberg  suggested  that  it  was  desirable  that  the  various  Committees  of 
the  Club  should  meet  and  elect  their  Chairman,  who  would  constitute  the  Com- 
mittee on  Programme. 
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Mr.  Eisenmann  asked  if  the  meetings  were  to  be  held  monthly  or  semi-monthly . 

Mr.  Latimer  said  there  should  be  meetings  every  two  weeks,  and  that  a  Chair- 
xnan  should  be  selected. 

In  response  to  a  question,  Mr.  Holloway  stated  that  no  extra  expense  would 
jattend  the  holding  of  extra  meetings  except  notifying  the  janitor. 

Mr.  Wood  stated,  in  reference  to  natural  gas,  that  in  two  wells  sunk  by  Messrs. 
Lampson  &  Sessions  the  |  specific  gravity  of  the  gas  was  689  and  667  to  1,000  of 
-air  ;  19  cubic  feet  of  Cleveland  gas  would  weigh  a  pound,  while  it  required  23>^ 
cubic  feet  of  Pittsburgh  gas  to  the  pound,  so  that  Cleveland  gas  is  the  more 
valuable. 

lAdjourned.}  C.  M.  Barber,  Recording  Secretary. 

JAMES  S.    LAWRENCE, — DIED  JANUARY   35,    1886. 

BY  WALTER   P.    RICE. 

James  S.  Lawrence  was  born  near  the  city  of  London,  May  25,  1811, 
and  came  to  this  country  in  1836,  when  twenty-five  years  of  age,  spend- 
ing the  first  ten  or  twelve  years  in  various  occupations,  and  visiting 
England  twice  prior  to  1852. 

In  June,  1847,  he  entered  the  service  of  the  Pennsylvania  Railway 
Company,  and  was  engaged  as  Assistant  Engineer  on  the  surveys  between 
Huntingdon  and  the  summit  of  the  Allegheny  Mountains.  When  the 
work  was  put  under  contract,  he  was  in  charge  of  the  section  of  road 
between  Huntingdon  and  Jack's  Narrows.  This  work  was  completed 
about  1850,  when  he  left  the  service  of  the  company.  Edward  Miller 
was  Chief  Engineer  of  the  road  at  this  time.  Mr.  Lawrence  was  held  in 
high  regard  by  the  company.  In  1859  he  went  to  Central  Park,  New 
York,  as  assistant  to  Mr.  Olmstead,  where  he  remained  until  1864,  After 
leaving,  he  was  recalled  to  finish  work  connected  with  the  Lake  and 
Ramble. 

He  next  entered  the  employ  of  the  United  States  Government,  where 
he  remained  to  the  time  of  his  death,  a  period  covering  twenty-one 
years.  He  commenced  under  Captain  Tardy,  and  served  as  Assistant 
Engineer  with  Colonels  Blunt,  Wilson,  McFarland,  General  Cram  and 
others. 

He  was  first  employed  in  the  United  States  service  on  the  construction 
of  Fort  Niagara,  and  as  Assistant  Engineer  on  Lake  Ontario  from  1866  to 
1879,  until  he  left  that  district  to  accept  a  position  with  Colonel  John  M. 
Wilson  on  Lake  Erie. 

His  active  duties  ceased  on  December  4,  1885,  and  he  arrived  at  his 
home  December  7,  sick  and  enfeebled.  Mr.  Lawrence  died  January 
25,  1886,  at  his  home  in  Buffalo,  N.  Y.,  after  an  illness  of  7  weeks,  at 
the  age  of  74  years  and  8  months. 

Previous  to  his  death  he  suffered  somewhat  from  malaria  and  rheu- 
matism, consequent  upon  4  months'  exposure  on  Maumee  Bay,  in  direct- 
ing dredging  operations  in  connection  with  the  proposed  "  straight 
channel,"  a  work  of  considerable  magnitude.  He  was  a  widower  and 
leaves  but  one  daughter. 

He  became  a  member  of  the  Civil  Engineers'  Club  of  Cleveland,  April 
.3,  1880,  at  its  first  regular  meeting, 

[Following  the  reading  of  the  notice  of  the  death  of  Mr.  Lawrence  and  a  brief 
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sketch  of  his  life  and  profes-sioual  services,  Mr.  Rico  paid  the  fulluwiug  tribute  to 
his  nieinory.] 

As  I  look  back  over  a  period  of  more  than  five  years  of  professional  association 
with  Mr.  James  S.  Lawrence,  the  last  years  of  his  well-&peut  life.  I  cannot  but 
think  that  the  profession  tiud  the  Civil  Engineers'  Club  of  Cleveland  have  suf- 
fered a  loss.  One  of  those  lives  which  make  us  feel  that  the  world  is  better  for 
their  presence,  has  gone  out;  and  as  I  was  so  fortunate  as  to  enjoy  to  a  large 
extent  his  confidence  and  the  influence  of  his  character,  perhaps  the  following 
humble  estimate  may  be  gratifying  to  those  of  the  Club  who  did  not  enjoy  as 
intimate  an  acquaintance. 

His  traits  of  character  were  strongly  defined.  Perhaps  the  most  noticeable  was 
his  remarkable  faculty  of  observation ;  nothing,  however  insignificant,  escaped  his 
attention.  Closely  allied  were  his  methodical  habits,  "  a  place  for  everything  and 
everything  in  its  place."  Method  and  precision  characterized  all  he  undertook" 
Sensitive  by  nature,  conscientious  to  a  fault,  and  with  the  keenest  sense  of  honor 
he  has  been  well  described  by  one  who  knew  him  as  "  a  thorough,  Christian  gentle- 
man."   Surely,  no  higher  tribute  could  be  paid. 

In  my  association  wirh  Mr.  Lawrence  on  Government  work,  I  found  him  to  be 
an  engineer  of  excellent  judgment  and  varied  experience.  Although  nearly  75 
years  of  age,  be  remained  in  active  charge  of  harbor  work  up  to  almost  the  day  of 
his  death,  which  to  those  acquainted  with  the  exposure  and  hardships  often  at- 
tendant upon  this  class  of  work,  will  seem  astonishing.  Twenty-one  years  of  faith- 
ful service  on  the  Lakes  have  not  passed  by  without  leaving  many  landmarks  to 
recall  the  life  and  services  of  Mr.  James  S.  Lawrence,  a  civil  engineer  of  the  old 
school,  and  a  gentleman  whose  memory  will  long  be  cherished. 

April  13,  1886:— Regular  meeting  held,  President  Latimer  in  the  chair. 
Minutes  of  last  meetmg  were  read  and,  after  some  correction,  were  approved. 

The  resignation  of  Mr.  Daniel  Appel  was  read  and  referred  to  the  Committee  on 
Membership. 

Mr.  Eisenmann  presented  the  following  resolution,  which  was  unanimously 
adopted : 

Eesolved,  That  the  thanks  of  this  Club  are  due  and  are  hereby  tendered  to  our 
retiring  President,  Mr.  J.  F.  Hollowav,  for  the  able,  zealous  and  faithful  manner 
in  which  he  has  performed  the  duties  of  that  oflSce,  and  we  feel  that  the  large  in- 
crease in  membership  and  the  great  success  that  the  Club  has  attained  is  largely 
due  to  his  earnestness,  ability  and  ceaseless  efforts  to  promote  its  best  interests. 

Mr.  HoUoway  returned  his  sincere  thanks  to  the  Members  for  the  sentiments  ex- 
pressed in  the  resolution. 

On  motion,  a  rack,  with  hooks  for  hats  and  overcoats,  was  ordered  placed  in  the 
room. 

The  Club  was  notified  that  the  name  of  the  Committee  on  Public  Works  has  been 
changed  to  "  The  Council  of  Engineering  Societies  on  National  Public  Works." 

The  Committee  on  the  Sixth  Annual  banquet  reported  a  cash  balance  on  hand  of 
$15.25. 

The  standing  committees  for  the  ensuing  year,  as  announced  at  the  last  meeting, 
were  formally  appointed. 

Mr.  James  Ritchie  read  a  valuable  paper  on  the  Garfield  Monument,  which  was 
very  generally  discussed  by  the  members,  and,  on  motion,  it  was  decided  to  con- 
tinue the  discussion  at  the  special  meeting  to  be  held  April  27,  1886 . 

[Adjourned.]  C.  M.  Barber,  Recording  Secretary. 

April  27,  1886  :— Special  semi-monthly  meeting,  at  the  oflSce  of  the  City  Civil 
Engineer,  City  Hall.     President  Latimer  in  the  chair  ;  36  Members  present. 

The  report  of  the  Committee  on  Programme  being  called  for,  W.  H.  Searles, 
Chairman  of  the  Committee,  reported  as  follows  • 
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Members  of  the  Committee  on  Programme,  composed  of  the  chairmen  of  the 
various  standing  committees  :  Wm.  H.  Searles,  Chairman  ;  Prof.  E.  W.  Morley, 
J.  L.  Gobeille,  A.  Mordecai  and  Theodore  Rosenberg.  The  Committee  met  and 
prepared  the  following  calendar  for  the  year  1886-7  :  Papers  to  be  read  on  the 
regular  meeting  nights  held  on  the  second  Tuesday  evening  of  each  month,  and 
reports  from  the  various  professions  or  branches  represented  in  the  Club.  At  the 
special  semi-monthly  meetings,  held  on  the  fourth  Tuesdays  of  each  month,  except 
July  and  August,  as  follows  : 


Professions. 


Civil  Engineers  and  Surveyors 

Railroad  Engineering 

Mt  chanical         "  

Architecture 

Subjects  pertaining  to  scientific  pursuits. 

Annual  meeting 


Papers. 


May]!.  Oct.  12,  April  12, 
Jan.  8.  Nov.  9. 
July  13,  Dec.  7. 
Aug.  10,  Jan.  11. 
Sept.  14,  Feb.  8. 


Reports. 


Sept.  28.  Feb.  22. 
Oct.  26,  March  22. 
Nov.  23,  April  26. 
May  25,  Dtc.  21. 
June  22,  Jan.  25. 


March  8.  1886. 


The  following  resolution,  by  Mr.  Mordecai,  was  adopted : 

That  the  Chairman  of  the  Committee  on  Programme  be  requested  to  present  the 
following  resolution  to  the  Club  at  its  next  meeting : 

Resolved,  That  until  further  ordered,  there  shall  be  a  meeting  of  the  Club  on  the 
fourth  Tuesday  evening  of  each  mouth,  except  the  months  of  July  and  August, 
for  the  purpose  of  hearing  the  regular  semi-annual  reports  of  the  standing  com- 
mittees and  for  such  informal  matters  as  may  be  brought  before  the  meeting. 

On  motion  of  Mr.  Mordecai,  the  Committee  decided  to  meet  quarterly  to  discuss 
all  matters  pertaining  to  the  duties  of  the  Committee. 

(Signed)  Theo  .  Rosenberg,  Sec'y  pro  tern,  of  Committee  on  Programme. 

On  motion,  the  report  was  adopted. 

On  motion  of  Mr.  Searles,  the  Secretary  was  instructed  to  notify  the  Members 
of  the  meetings  on  the  fourth  Tuesday  evenings  of  the  month. 

An  acknowledgment  of  books  sent  to  Japan  was  read. 

A  communication  was  read  from  Mr.  Eisenman,  Secretary  of  the  Council  of 
Engineering  Societies  on  National  Public  Works,  stating  that  130  copies  of  the 
proceedings  of  the  Coimcil  had  been  sent  the  Club  for  distribution. 

The  discussion  of  Mr.  Ritchie's  paper  on  the  Garfield  Monument  was  then 
resumed. 

At  the  close  of  the  discussion,  a  vote  of  thanks  was  tendered  to  Mr.  Frank  Ford, 
engineer  in  charge  of  work  on  the  monument,  who  was  present  as  an  invited 
guest  and  took  part  in  the  discussion. 

lAdjourned.l  C.  M.  Barber,  Recording  Secretary. 


Mat  11,  1886  : — Regular  meeting  held,  President  Latimer  in  the  chair. 

Minutes  of  last  meeting  were  read  and  approved. 

On  motion  of  Mr,  Eisenmann,  the  Secretary  was  instructed  to  mail  copies  of  the 
addresses  of  the  Committee  of  the  Executive  Board  of  the  Council  of  engineering 
societies  to  all  the  Members. 

Application  was  made  by  a  literary  club  of  young  men,  graduates  from  Adel- 
bert  College,  for  permission  to  use  the  club-rooms  two  evenings  each  mouth  for 
literary  purposes.  Referred  to  the  Committee  on  Publication  and  Library,  with 
power  to  act. 

The  resignation  of  Mr.  A.  B.  Richmond  was  received  and  referred  to  the  Mem- 
bership Committee. 

The  President  read  a  letter  from  Mr.  Keller,  architect  of  the  Garfield  monu- 
ment, in  regard  to  the  foundations  and  superstructure. 
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The  following  was  presented  by  Mr.  Rice  : 

Whereas,  Tlie  discussion  of  the  Garflold  monument  has.  to  our  regret,  been 
construed  as  influenced  by  personal  motives  ;  and  in  justice  to  the  grave  public 
interests,  trusts  and  professional  opinions  involved,  therefore 

liesolvecl,  That  this  Club,  through  its  President,  appoint  an  expert  committee  of 
five  members,  who  shall  request  the  Trustees  of  the  Garfield  Monument  to  afford 
access  to  all  plans,  specifications,  details,  etc.,  and  all  other  information  for  its 
use,  and  to  give  the  Committee  every  facility  for  making  a  thorough  examination 
of  all  the  engineering  questions  involved  ;  said  Committee  to  report  its  findings 
at  the  earliest  possible  date. 

After  some  discussion,  the  resolution  was  adopted  by  a  standing  vote  of  19  to  5. 

Mr.  J.  D.  Varney  presented  an  interesting  paper,  entitled  "  The  Metric  Sj'stem 
as  applied  to  Land  Surveying." 

A  general  discussion  of  the  paper  followed. 

[Adjourned.]  C.  M.  Barber,  Recording  Secretary. 

May  25,  1886  : — Special  semi-monthly  meeting  held.  President  Latimer  in 
the  chair. 

Reports  of  committees  were  called. 

Mr.  Blackburn,  from  the  Garfield  Monument  Committee,  reported  that  Mr. 
J.  H.  Wade,  President  of  trustees  of  the  monument,  had  received  Mr.  Sargent, 
the  chairman  of  the  Committee,  very  courteously,  and  offered  to  send  for  Mr. 
Keller,  the  architect  of  the  monument,  in  order  to  afford  the  Committee  every 
opportunity  for  obtaining  all  necessary  information  for  making  its  report. 

The  question  of  employing  a  stenographer,  and  of  printing  ' '  flyers  "  or  leaflets  of 
the  proceedings,  was  discussed  and  referred  to  the  Committee  on  Publication  and 
Library. 

The  Secretary  reported  the  receipt  of  books  from  the  Heisler  Electric  Light 
Company,  from  Charles  Paine,  of  the  Philadelphia  Natural  Gas  Company,  and 
Hudson's  Table's  for  Calculating  Earthwork,  from  the  publishers. 

Theodore  Rosenberg.  Chairman  of  the  Conmaittee  on  Architecture,  read  his 
semi-annual  report,  which  formed  the  basis  of  a  very  interesting  discussion  on 
architecture. 

[Adjourned.]  C.  M.  Barber,  Recording  Secretary. 

June  8,  1886  : — Regular  meeting  held.  President  Latiaier  absent  ;  Vice-Pres- 
ident Swasey  in  the  chair. 

Minutes  of  the  last  two  meetings  were  read  and  approved. 

The  Committee  on  Library  and  Publication  reported  as  follows  on  matters 
referred  to  it  at  previous  meetings  :  That  it  does  not  advise  the  sub- letting  of  the 
Club  room  to  the  literary  club  who  applied  for  the  same  ;  that  it  recommends 
the  employment  of  a  stenographer  for  reporting  the  proceedings  of  the  Club,  at  an 
expense  not  to  exceed  $2 .  50  per  meeting  ;  that  it  is  not  prepared  to  recommend 
that  verbatim  reports  of  the  discussions  of  the  Club  should  be  published  in  the 
papers  without  the  consent  of  the  Club  ;  that  it  is  not  prepared  to  recommend  the 
publication  of  "flyers,"  as  it  would  add  to  the  expense  of  the  Club  and  necessitate 
an  increase  of  the  annual  dues. 

The  report  of  the  Committee  was  accepted. 

The  report  of  the  Committee  appointed  to  obtain  information  relative  to  the  Gar- 
field monument  was  received  and  ordered  printed  in  the  proceedings  of  the  Club. 
The  Committee  was  discharged  with  thanks. 

A  vote  of  thanks  was  tendered  to  the  Architect,  Trustees  and  Engineer  of  the 
monument,  and  to  all  who  had  aided  the  Committee  in  its  work. 

Mr.  A.  Mordecai  read  a  paper  entitled  "  The  Effects  of  Alignment  and  Grade 
in  the  Operation  of  Railroads."      A  discussion  of  the  paper  followed. 

[Adjourned.]  CM.  Barber,  Recording  Secretary . 
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June  23,  1886  : — Special  meeting  held.  lu  the  absence  of  both  President  and 
Vice-President,  Mr.  J.  H.  Sargent  was  called  to  the  chair. 

The  reading  of  the  minutes  of  the  last  meeting  was  dispensed  with. 

The  report  of  the  Committee  ou  Subjects  Pertaining  to  Scientific  Pursuits  being 
in  order,  Mr.  W.  R.  Warner  read  [an  interesting  paper  entitled  Progress  in  As- 
tronomy, and  Mr.  N.  S.  Possonsa  paper  entitled  "Progress  in  Electric  Lightmg." 
A  very  general  and  profitable  discussion  followed  the  reading  of  the  papers. 

lAdjoumied.l  C.  M.  Barber,  Recording  Secretary. 


July  13,  1886: — Regular  meeting  held.  President  Latimer  in  the  chaii". 

Minutes  of  the  meeting  of  June  8,  1886,  were  read  and  approved. 

On  motion  of  Mr.  Barber,  the  Club  decided  to  hold  its  annual  picnic.  Also,  that 
the  President  appoint  a  Committee  on  picnic,  of  which  he  shall  be  Chaimian,  with 
power  to  act.  The  following  gentlemen  were  appointed  as  such  Committee  : 
Chas.  Latimer,  J.  P.  HoUoway,  S.  J.  Baker,  A .  Mordecai,  M.  E.  Rawson  and 
C.  M.  Barber. 

A  resolution  by  Mr .  Barber  was  adopted,  instructing  the  Committee  on  Library 
and  Publication  to  prepare  and  send  to  each  Member  a  short  circular,  giving  the 
names  of  the  ofiicers  and  standing  committees,  and  containing  a  calendar. 

The  same  Committee  was  also  instructed  to  date  the  employment  of  the  stenog- 
rapher back  to  March  S3, 1886,  the  time  when  such  services  were  commenced. 

President  Latimer  gave  a  brief  account  of  the  first  day's  meeting  of  the  Amer- 
ican Society  of  Civil  Engineers  at  Denver,  and  regretted  that  the  Cleveland  Club 
was  not  better  represented. 

Mr.  Mark  L.  Deering  then  read  a  paper  entitled  "  Wood  Pulp,  and  Some  of  its 
Peculiarities."  The  paper  was  read  by  Mr.  Gobeille,  while  Mr.  Deering  explained 
the  exhibits.  The  paper  was  very  interesting,  and  nearly  all  took  part  in  its 
discussion. 

[Adjourned.]  C.  M.  Barber,  Recording  Secretary. 


Editors  reft  iniiiig  articU  s  from  tlu'sjintriiiil  art 
requfstcd  to  credit  both  the  Jotrnal  <tiid  the 
Society  before   which  such  (irticlrs  were  read. 
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This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

RAINFALL  RECEIVED  AND  COLLECTED  ON  THE  WATER-SHEDS  OP 
SUDBURY  RIVER  AND  COCHITUATE  AND  MYSTIC  LAKES. 


By  Dexter  Brackett,  Member  of  Boston  Society  of  Civil  Engineers. 
[Read  May  20,  1886.] 


Only  a  portion  of  the  rainfall  falUng  on  any  water-shed  can  be  col- 
lected and  made  available  for  the  purposes  of  water  supply,  the 
remainder  being  absorbed  by  the  soil  or  evaporated  from  the  surfaces  of 
the  streams  and  ponds.  It  is,  therefore,  evident  that  the  percentage  of 
the  rainfall  which  can  be  collected  in  the  streams  or  ponds  is  the  basis 
which  must  be  used  in  all  calculations  relative  to  the  quantity  of  water 
to  be  derived  from  a  given  water-shed,  or  the  size  of  storage  reservoirs 
required  to  furnish  a  given  supply.  Very  few  records  of  this  nature 
have  been  kept  in  this  country,  and  the  percentage  of  the  yearly  rainfall 
which  could  be  depended  upon  for  purposes  of  water  supply  has  been  gen- 
erally over-estimated.  The  tendency  of  some  engineers  has  been  to  base 
their  conclusions  upon  averages,  overlooking  the  fact  that  the  value  of  any 
water  supply  should  be  based  upon  its  minimum  yield.  The  value  of 
records  of  this  character  is  enhanced  by  the  care  used  in  taking  the  ob- 
servations, and  by  the  length  of  time  covered  by  the  records.  As  the 
percentage  collectible  is  dependent  upon  the  character  of  the  soil,  the 
distribution  of  the  rainfall,  the  climate  and  the  general  character  of  the 
water-shed,  these  facts  should  be  considered  in  any  application  of  the 
results  to  other  localities. 

The  Sudbury  River,  above  the  point  where  the  water  is  taken  for  the 
supply  of  the  city,  has  a  drainage  area  of  about  76  square  miles.  The 
drainage  slopes  are  generally  quite  steep  and  are  not  highly  cultivated  ; 
hence  a  rather  large  percentage  of  the  rainfall  may  be  expected  to  reach 
the  brooks  and  streams.  Lake  Cochituate  has  a  drainage  area  of  18.87 
square  miles,  including  water  surfaces.  The  district  is  generally  flatter 
than  the  Sudbury  River  water-shed,  and  the  lake  is  surrounded  by  mead- 
ows which  retain  the  water  after  a  rain.  The  water-shed  of  Mj-etic 
Lake  is  very  similar  in  character  to  that  of  the  Sudbury  River  ;  the 
greater  portion  of  the  basin  is  gravel  and  sand  underlain  by  reck  which 
occasionally  crops  out  on  the  hills.  The  area  of  the  water-shed,  includ- 
ing water  surfaces,  is  27.75  square  miles.  The  following  tables  show  the 
monthly  and  yearly  rainfall,  rainfall  collected  and  percentage  collected 
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on  the  different  drainage  areas  ;  also  the  quantity  received  and  collected 
during  the  four  months  of  niiuimum  collection,  viz.,  July  to  October. 
The  averages  for  the  last  eleven  j'ears  on  the  Cochituate  water-shed  are 
given  for  the  purpose  of  comparison  with  the  other  records,  which  cover 
about  the  same  length  of  time. 

INCHES   OF   RAINFALL  ON  THE  WATERSHBD  OF   LAKE  COCHITUATE. 


Year. 

Jan. 

4.10 
3.S7 

4.99 
144 
2  7u 
3.70 
3.71 
7..S5 
131 
186 
4.-'4 
2.Si.i 
2.12 
183 
3.19 
5  77 
2.UII 
3.07 
5  5« 
5  93 
2..S.S 
4.39 
6.25 

Feb. 

Mar. 

3.57 
8.44 
5.48 
3.92 
5.65 
2.51 
7.52 
6.04 
r,.i)i 
3  06 
3.98 
1.19 
3.74 
7.43 
7  79 
4.20 
3.90 
2,83 
4.79 
2.76 
1.76 
4.5i) 
1.09 

4.4) 

4.07 

Ap'l. 

May. 

June 

July 

11.12 
l.<6 

3.10 
13.35 
5.36 
2.16 
8.63 
3.10 
2.L'0 
5  55 
4.98 
3.16 
3.. 57 
9  49 
2.77 
3.47 
3.38 
7.00 
2.78 
3.19 
2.8-! 
4.42 
].73 

4.56 

4.09 

Aug. 

5  61 
3.56 
3.36 

3.98 
12.36 
7.38 
2.34 
2.03 
3.56 
9.76 
7.17 
4.83 
5.53 
2.19 
3  35 
6.94 
643 
3.81 
1.13 
1.14 
0.39 
4.19 
7.01 

Sept 

.3.  .39 
1..52 
16! 
8.30 
1.08 
7.69 
8  49 
0.64 
1.46 
6  29 
2.62 
1.55 
3  4'. 
3.98 
0.40 
1.12 
1.74 
1.69 
2.13 
9.20 
1.31 
0.90 
1.03 

Oct. 

4.F6 

6  50 
699 
3.43 
7.27 
1.19 
9.50 
7.96 
5.8S 
369 
6.11 
1.04 
4.85 
2.00 
8.11 
5  15 
0.90 
2.95 
2.87 
2.22 
.5.10 
2..59 
5.26 

Nov. 

Dec. 

Tot'ls 

4  mos., 
July- 
Get. 

1863 

4.38 
0.9S 
4.45 
5.8') 
540 
I.IH 
7.117 
46S 
23) 
1.37 
2.43 
2.90 
3.15 
4.21 
()..-)3 
5.F3 
3  03 
4.1)5 
443 
3  96 
3  5') 
6  04 
3.98 

3.73 

3.91 

11.34 
4  02 
2  IS 
1.94 
2.43 
5.01 
257 
8.81 
2.29 
1.71 
2.69 
6.38 
3.23 
3.24 
3.84 
5.03 
4.69 
2.94 
1.71 
1.S9 
2.27 
3.80 
3.71 

8.6G 

2  81 
8.^5 
6.16 
6  16 
8-12 
7..59 
3.1 1 
5.66 
3.21 

3  21 
8.10 
3..50 

2  80 
3.7.5 
0.83 
1.20 
2.03 

3  18 
1  73 
395 
2.92 
3.16 

1.9S 

0.5s 
0.91 
4  8') 
2.95 
2.95 
:i.6,s 

4.05 

5.96 

4.2 

0  38 

4.79 

6  2t 

1.60 

2  fit 

3.:^3 

4.14 

1.25 

1.S3 

1.87 

1.81 

3.8S 

2.96 

8  54 
5.45 
4.78 
4.. 52 
2.03 
6.77 
3.20 
1.40 
7.01 
4.22 
4.54 
2.05 
4.83 
0.59 
0.94 
6.09 
2.9S 
1.70 
3.85 
0  93 
2  oo 

2  3; 

5.26 

5.05 
4.28 
3  31 
4.32 

1.90 
0.45 
5.98 
3.19 
3.24 
3.4i 
3.95 
1.70 
0  9t 
3.13 
1.02 
5.12 
3.6) 
2.56 
.3.83 
2.17 
:!.ll 
5  31 
2.32 

3.22 

69.30 
42.61) 
49.46 
62.32 
56.25 
43.71 
■64.34 
65  89 
15.:i9 
4S.47 
45  13 
35  93 
45.49 
48.4;) 
4  5.80 
53.58 
38.01 
35.88 
41.09 
40  29 
31.20 
45.57 
43.00 

27.68 

1SH4 

1865 

1S66 

12.64 
15.11 
29.12 

1867 

26.07 

18li8 

18.42 

186a 

1870 

1871 

22.96 
13  73 
12.60 

1872 

25.29 

1878 

187i  

1875 

19.98 
10.58 

17.38 

1876  

17.60 

1877 

1-878 

14.72 
16  68 

1S79  . 

12.45 

1881)  

15.45 

ISSl    

18S2  

1883 

1884 

1S85 

8.91 
16.05 

9.74 
12.40 
15.63 

Averages 

3.68 

3.85 
3.31 

4.06 
2.91 

3.13 
3.14 

4  71 

3.14 

2.S0 

4.60 

4.42 

47.50 

17.01 

Av.  1S7.5-85.  . 

3.85 

3  86 

3.82 
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3.00 

4245 

14.28 

INCHES   OF   RAINFALL  COLLECTED  ON  THE  WATBR  SHBD   OP   LAKE   COCHITUATE,  1863-1885. 


Year. 

Jan. 

Feb. 

3.11 
1..56 
1.74 

2.84 
5.24 
1.12 
1.84 
3.93 
2.2S 
0  93 
1.57 
2.19 
2.92 
1.78 
1.37 
3  97 
2.33 
2.24 
2.23 
3.00 
1.59 
2.80 
2.00 

Mar. 

.3.71 
4.05 
4.06 
1.76 
3.50 
3.81 
3.31 
3.38 
2.5-5 
1.41 
3.89 
1.84 

2  66 
5.19 
681 
5.40 

3  30 
1.79 
5.06 
3.67 
2.04 
4.67 
2.21 

3.53 

Apr. 

May. 

June 

July 

2  97 
0.41 
0  40 
1.20 
0.59 
0.45 
074 

0.5-! 

0.43 
0.11 
0.02 
0.95 
0.25 
0.81 
0.65 
0.47 
0.35 
0.33 
0.10 
0.06 
0.02 
0.26 
0.00 

0.56 

0.31 

Aug. 

1.51 

0.(i8 
0.47 
0.61 
2  10 
118 
0.6S 
0.41 
0.85 
132 
1  40 
09i 
0.62 
0.29 
0.67 
0  81 
0.95 
0.23 
0.09 
0.07 
0.07 
0.61 
0.33 

Sept 

0.98 
0.49 
045 
1.34 
0.31 
1.85 
1.10 
0  8)! 
0.39 
1.70 
0.78 
0.55 
0.00 
0.88 
0.46 
0.29 
0.61 
0.24 
0.23 
0.97 
0.62 
0.13 
0.25 

Oct. 

1.32 
143 
0.70 
0.93 
102 
0.95 
2.37 

i.n 

0  69 
1.69 
2.04 
0.5! 
1.19 
0.49 
1.16 
0.7.5 
0.60 
0.19 
0.18 
0.84 
0.59 
0.34 
0.(9 

Nov. 

Dec. 

Tot'ls 

4  mos., 
July- 
Oct. 

1863 

1864 

1865 

1866 

1.93 
2.39 
2.15 
0.73 
1.10 
1.22 
1.82 
4.71 
1.03 
1.15 
3.09 
3.55 
0.13 
1.09 
1.2) 
3.25 
1.29 
1.47 
1.19 
1.81 
0.84 
1.84 
1.90 

1.79 

4.42 

2  65 

2  70 
l.O.-! 
2.87 
3.18 
2.4) 
6  87 
1.5.S 
3.08 
6  09 
3.19 

3  15 
1.20 
3  24 
2.S0 
4.18 
1.57 
1.7!) 
0.9.< 
1.06 
4.00 
2.36 

3.10 

1.44 

1.02 
4.70 
1.29 
2  20 
0.17 
22) 
1.6L5 
2  00 
I.IO 
2.06 
2.78 
1.33 
143 
2  04 
1.66 
1.40 
0.14 
1.26 
1..55 
1.2.i 
1.39 
1.61 

0.67 
0.49 
0.34 
1.10 
0.65 
1.59 
1.07 
0.97 
0.,s7 

1.49 
0  45 
1.96 
148 
0.51 
0  93 
0.76 
0  77 
0.0(5 
1.31 
0.62 
0.07 
C.67 
0.13 

0.84 

0.69 

2.05 
1.2 -. 
1.00 
0.99 
1.10 
1.96 
1.30 
0.88 
1.3) 
2.00 
1.86 
0.58 

1  90 
1.85 

2  09 
2.07 
0.72 
0.83 
0.81 
0.58 
0.11 
0.62 
8.05 

1.3V 

2.17 
1.33 
1.18 
1..56 
1.12 
1.17 
3.17 
0.77 
1  21 
1.21 
2.08 
0.51 
122 
0.99 
1.96 
4.01 
1.04 
0.(!1 
1  10 
0.92 
0  94 
l.,S2 
1.64 

1.50 

149 

26  SS 
18.35 
2').50 
Di.Ol 
21  8') 
21.98 
21  9) 
26.08 
1.5.10 
1722 
2713 
19.52 
17.57 
19  51 
23.17 
26.34 
17.81 
10.30 
10.31 
15.05 
10.11 
19.21 
15.57 

6.78 
3  01 
2.08 
4.11 

1867 

1?6-! 

1869 

4.08 
4  43 
4.79 

1870 

1S71 

2  91 
2.36 

1872     

1873 

4  85 
4.84 

1874 

2.92 

1S75 

1S76 

2.66 
8  50 

1877 

2.94 

1878 

1879 

2.85 
2.49 

1880 

1.29 

1881 

1888 

0.66 
1.94 

1883 

1S84 

1.30 
1  34 

lf:iS5 

1.37 

Averages 

2.37 
2  39 

1.97 
1.42 

0.74 

0.70 
0.48 

0.96 
0.67 

19  48 

2.96 

Av.  lastllyrs 

1.46 

3.95 

2.75 

0.13 

1.33 

17.36 

1.89 
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PERCENTAGE  OF    RAINFALL  COLLECTED  OX  THE  WATER-SHED  OF  LAKE  COCHITUATE. 


2g 

Year. 

Jan. 

Feb. 

Mar. 

April 

May. 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

OS 

<-> 

1863... 

47. 

71. 

104. 

39. 

54. 

34. 

21. 

27. 

29. 

29. 

31. 

43. 

38.8 

24.5 

1864... 

71.    159. 

48. 

66. 

57. 

84. 

39. 

19. 

32. 

22. 

23. 

31. 

43.1 

23.8 

1865... 

43. 

39. 

85. 

124. 

57. 

37. 

15. 

14. 

27. 

10. 

21. 

34. 

41.4 

13.8 

1866... 

51. 

49. 

45. 

84. 

20. 

23. 

9. 

16. 

16. 

27. 

22. 

36. 

25.7 

14.1 

1867.. 

40. 

97. 

62. 

118. 

34. 

22. 

11. 

17. 

29. 

14. 

42. 

.59. 

38.7 

15.4 

1868.. 

33. 

95. 

l.=)3. 

62. 

76. 

54. 

21. 

16. 

24. 

80. 

29. 

261. 

50.2 

24.0 

1861>. .. 

49. 

26. 

44. 

97. 

29. 

29. 

28. 

25. 

13. 

25. 

40. 

.53.     34.2 

20.9 

1870... 

60. 

84. 

56 

78. 

53. 

24. 

17 

20. 

133. 

14. 

20. 

24.     46.7 

21.3 

1871... 

79 

99. 

50.4 

68.8 

.35.3 

14,6 

19.6 

23.8 

26.8 

12.8 

18.5 

.37.4   33.4 

18.7 

U7->... 

61.8 

67.8 

46.0 

177.3 

33.8 

34.8 

2.6|  1.3.5 

27.0 

45.7 

47.4 

35.31  35.5 

19.3 

1873... 

72.9 

64.8 

97.8 

226.4 

82.2 

119.1 

1.5.1 

19.5 

29.8 

33.4 

40.9 

67.91  .^9.8 

24.2 

1874... 

130.0 

75.5 

1.-14.7 

.50.2 

81.7 

40.8 

30.0 

19.1 

34.3 

.50.3 

28.4 

29.9   .54.3 

27.6 

187.i... 

5.5 

92.8 

71.2 

97.5 

39.9 

23.7 

7.1 

11.2 

17.4 

24.6 

40.5 

129.8,38.8 

1.5.3 

1876.. 

59.3    42.4 

69.9 

129.7 

50.9 

31.6 

8.9 

13.3 

22.2 

24.3 

28.1 

31.5|  40.3 

14.2 

1877... 

37.6  258.9 

87.4 

100. 

54.6 

.34.8 

23.3 

19.6 

99.8 

14.3 

38.8 

192.6!  52.9 

20.0 

1878... 

56.3 

66.9 

128.6 

50.7 

200.0 

23.2 

13.5 

12.0 

25.8 

14.3 

34.0 

78.8 

49.2 

14.0 

1879... 

64.4 

76.3 

84.5 

95.6 

117.0 

18.6 

9.7 

14.7 

35.0 1  66.5 

24.2 

28.9 

46.9 

20.0 

1880... 

47.9 

55.3 

ft3.3 

53.3 

22.2 

4.5 

4.7 

6.1 

14.3 

16.6 

48.9 

23.8 

28.7 

8.3 

1881 . . . 

21.5 

50.3 

118.1 

104.8 

39.6 

27.0 

5.8 

7.6 

10.8 

6.4 

21.8 

.36.7 

.39  8 

7.4 

1882... 

31.0 

75.9 

133. 

49.3 

32.8 

33  1 

1.7 

6.2 

10.5 

37.9 

62.4 

42.3'  .37.4 

12.1 

1883... 

29.2 

44.3 

115.8 

73.1 

31.9 

3.7 

0.6 

18.6 

47.4 

11.5 

20.0 

29.8 

32.4 

13.3 

1884... 

41.8 

47.4 

103.9 

105.1 

47.5 

17.3 

5.9 

13.6 

14.9 

13.1 

26.7 

.34.2 

42.2 

10.8 

1885. . . 

36.1 

50.2 

202.7 

63.6 

46.7 

14.4 

.0 

4.8 

15.5 

15.0 

39.0 

70.7 

35.7 

8.8 

Ave.  23 

years. 

48.6 

63  5 

80.2 

80.5 

48  5 

26.8 

12.3 

15.7 

22.3 

20.9 

31.0 

46.6 

40.9 

17.4 

Av.  last 

11  yrs. 

37.9 

61.1 

97.0 

83.1 

48.3 

22.0 

7.6 

11.1 

19.2 

17.5 

33.6 

49.7 

40.U 

13.3 
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RlINFiXL,  RAINFALL  COLLECTED  AND  PER   CENT.  COLLECTED  ON  THE  SUDBURY  RIVER  WATER- 
SHED. 

•  Rainfall  m  Inches. 


1875 

2.4a 

1876 

1.83 

1877 

a.aie 

1878 

5. 032 

1879 

a,47f 

1880 

3.5«(i 

1881   

5.5.S8 

1882 

5.951 

188S 

2.81 

188i 

5.085 

1885 

4.71 

Averages 


3.flS2 


.15 

.21 
739 


Api'l 


3.71    3.23 
7.43    4.1!I7 

8.357i3.4:J,". 
973(4. 6S9i5. TWO  0 
.'562'5.l4(|l4.7ir,  1 

y,s(i  3.;ii5'3,iu5[i 

t;4r,  5. Tliii  2.(100 


2.H49 
1.78 
4.72 
1.07 


1.824 
1.845 
4.405 
3.005 


4.83 

5.764 

5,803 

7.024 

2.682 

1  785 

4.091 

1.U7 

l.M 

2.645 

6.095 


i  94 

;.o!*j 

..S70 

:i67 

.314 

.8a8 


46.49 

4U.5(;3 
44.01S 
57.1131 
41.419 
38.177 
,9.">xi44.169 
290  39  384 


a2.78 

47.135 
43.515 


4mos. 
July- 
Oct. 


17.38 
17.709 
15.471 
17.610 
13.129 
1.-..624 
9.280 
14.251 
10.535 
11.650 
15.13 


RAINFALL  COLLECTED    IN   INCHES. 


1875 

1876 

1877 

1878 

187'J 

1880 

1881 

1888 

1883 

1884 

1885 


Averages 


Jan. 

Feb. 

0.184 

2.411 

1.147 

2.282 

1,174 

1.529 

3.228 

3.972 

1.249 

2.756 

2.04S 

3.057 

8.729 

2.455 

2.181 

3.816 

J.  5X8 

1.640 

1.751 

4.673 

2.17 

2.149 

1.485 

2.704 

2.862 
7.911 
8.586 
6.256 
4.15< 
2  513 
7.038 
4.991 
2.832 
6.654 
2.764 


Apr. 


.263 

.683 
132 

80 
.379 
.060 
.030 
.470 
.295 

854 
.088 


May. 


July. 


.501  0, 
.383  0 
.('31  0, 

.87:j,o. 


0.313 


Aug. 


Sept. 


706  0.358 
72:^  0.318 
2160. 103 
Sl.s  0.277 
705  ().243 


217 


60  0.336 


.097 
.138 


0.142 


0.52-.: 

0.1.^5j0 
0.074  0 
0.208  0 


.152 
.417 

.127 
.021 
.126 
.186 
.326 
.526 
.326 
146 
.530 


Nov. 

Dec. 

2.248 

1.041 

1.878 

0.809 

2.447 

2.300 

2.922 

5. 007 

0.355 

0.825 

i).;*w 

0.320 

3.672 

1  363 

J.  356 

0  553 

;i.34.s 

0.34U 

4.29N 

1.626 

2.003 

2.063 

1.263 

1.538 

25.487 
30.487 
18.775 
12.4»7 
20.257 
17.841 
11.024 
2:i.44o 
18  637 


20.250 


4moB. 
July- 
Oct. 


2.789 
1.784 
1.80(> 
2.275 
1.355 
0..S07 
1.40.S 
1.2ii7 
0.822 
1  065 
1.328 


PERCENTAOE   OF  RAIlfrALL  COLLECTED. 


4  mf  s. 

Year. 

Jan. 

Feb 
76.5 

Mar. 
76.5 

Apr. 
162.9 

May. 

June 
24  0 

July. 
16.0 

Aug. 

Sept. 

Oct. 

23.8 

Nov. 

Dec. 
110.7 

Y'rly. 

Ji.ly. 
Oct. 

1875 

7.6 

59.5 

12.8 

10.4 

46.5 

44,9 

16.0 

1876 

62.7 
36.5 

54.2 
2(j6.9 

106.5 

102.7 

135.4 
120.3 

73.5 

117.0 

18.8 
42.5 

3.6 
12  2 

42.0 
5.9 

6.9 
31.9 

18.0 
13.2 

32.0 

42. '.r 

22.3 
264.4 

48.2 
57.9 

lo.l 

1877  

11.7 

1878 

57.3 

06  5 

i:!3.4 

48.5 

260.2 

22.5 

7.7 

12.2 

21.5 

14.3 

41.6 

89.0 

52.6 

12.9 

1879 

50.4 

77.4 

80.9 

114.1 

125.8 

18.8 

7.1 

10.8 

12.9 

15.6    13.2 

19() 

45.3 

10  3 

1N80 

57  4 

76.8 

75.8 

66. 6 

51.2 

14.5 

5.1 

5.4 

8.9 

5,0    20.3 

11.3 

32  7 

5.6 

1881 

13.1 

52  8 

122.8 

J  31. 5 

48.3 

42.2 

20.7 

19.2 

12.8 

11.0 

16.4 

34.4 

45.9 

15.2 

1,882 

36.6 

8:t.'.> 

1X,S.4 

t*o  0 

44.8 

54.1 

8.6 

5.8 

6.0 

25  4 

31.0 

24.1 

45.3 

9.1 

18.83 

20. 0 

42.4 

159.1 

124  4 

3!t.4 

21,3 

7.0 

18.8 

10.3 

5.8 

19  2 

0.6 

33  6 

7.8 

1SS4 

34.4 

71.4 

141.0 

110.2 

.52.2 

20.6 

10.7 

9.7 

8.7 

5.9 

11.3 

31.4 

49,7 

9.1 

1885 

46.1 

55.0 

258.3 
116.3 

85.7 

67.4 

25.3 
27.4 

7.7 

5.« 

10.  e 

14.4 

11.6 

32.9 

75.9 

42.8 

40  0 

8.8 

Averages 

38.0 

68.1 

104.0 

63.9 

8.5 

9.6 

13.0 

31.8 

46.1 

10.6 
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tables  snowixo  rainfall,  rainfall  collected  and   percentages   oollectkd  on  the 
water-shbd  of  uvstic  lake. 


Rainfall 

in  Inches. 

4mos. 

Year. 

Jan. 

Feb 

Mar. 

Apr. 

May. 

June 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Tofls. 

July- 
Oct. 

18T8 

5.07 

5  74 

3  9S 

5.73 

0.07 

2.62 

3  52 

7.51 

3.1!) 

4.95 

s.o:» 

4.84a 

54.805 

10.17 

1K79 

1.8.3 

:;.T3 

3.r>2 

4.<i5 

1.86 

.■J.9S 

2.:i9 

5.48 

1.60 

0.77 

2.76 

3.74 

:(5.30 

10.24 

1880 

2.62 

1.23 

2   !!• 

2.1« 

2  02 

1.49 

7.2:i 

.S.64 

1.42 

2.70 

l.!t.( 

2.50 

34.42 

14.99 

IHSl 

6.8U 

3.ii:t 

ft  f») 

1..51 

2.9S 

6.84 

2.6(1 

0.67 

2.17 

2.1(i 

3.52 

3.29 

41.91 

7.00 

i.ssa 

.^  .^4.-. 

4.(18 

a.-jsi 

2.11 

4.f>.S 

2.09 

2.:i4 

l.(i65 

S.'Af, 

l.ill 

1.745 

2.23 

3!t.  165 

13.005 

l.SWJ 

2  or 

H.OKS 

2  22 

2.47 

3.5-<.-> 

i.6:ir. 

2.7,S5 

0.87 

1.495 

5.4.5 

i.9.S 

2.Si!l5 

31.22 

10.60 

lf<»i 

i.7ir. 

ti.O.V. 

4.2.'J0 

:<.lrt 

2.!'5 

4  0.{j 

:i.72 

4  85.5 

0.70 

2.70 

2.005 

4  56 

44.:i9 

11.975 

lMS.-> 

4.NJ 

3.6(> 

1.17.-. 

3.445 

:t.y45 

4.41 

2  U4 

5.U0 

1.42.5 

5.52 

8.31 

2.10 

44.50 

14.885 

ATerages 

4.21 

4.21 

3.35 

3.16 

2.82 

3.46 

3.33 

3.75 

2.54 

3.27 

3.24 

3.28 

40.62 

12.89 

RAINFALL    COLLECTED   IN    INCHES. 


4  mos. 

Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Tot'ls. 

Ju'y- 
Oct. 

1878 

3.55 

3.97 

4.91 

2.21 

2  16 

0.7R 

0.48 

1.11 

0.56 

0.71 

1.75 

3.63 

25.82 

2.86 

1879 

1.21 

2.3< 

3.31 

3.97 

1.95 

0.97 

0..54 

0.70 

0.48 

0.34 

0.45 

0.69 

16  94 

2.06 

1880 

1.70 

2  54 

1.05 

1.50 

0.96 

0.51 

0.67 

0..54 

0.45 

0.3H 

0.44 

0.59 

12.21 

2.02 

aasi 

0.88 

2.14 

6.79 

2.17 

l.,51 

2.05 

0.87 

0.35 

0.31 

0.29 

o.5o 

0  87 

18.67 

1.82 

1882  

1.37 

3  03 

4.19 

1.16 

1  ,H5 

0.81 

0.35 

0.22 

0.5S 

0  58 

0.39 

0.67 

15.05 

1.6S 

1883 

0.70 

1.43 

1.88 

1.63 

1.20 

0.52 

0.30 

0.22 

0.18 

0.39 

0.42 

0.44 

9.32 

1.09 

1884 

1.40 

3  89 

5.42 

3.85 

1.48 

0.85 

0.58 

0.60 

0.23 

0.27 

0.35 

1.17 

20.18 

1.6S 

1885 

1.79 
1.58 

1.81 
2.64 

2.05 
3  81 

2.03 
2.33 

2.18 

0.86 
0.92 

0.47 
0.53 

0.54 

0.34 
0.S8 

0.68 
0.45 

2.41 
0.85 

2..S9 
1.29 

17.55 

2.03 

ATerages 

1.66 

0.53 

16.96 

1.89 

PERCEKTAGE   OF  RAINFALL  COLLECTED. 


4  mos. 

Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Y'rly. 

July- 
Oct. 

1S78 

62.6 

ma 

69.2 
85.4 

125.0 
93.9 

38.6 
85.3 

322.9 
104.9 

29.6 
24.5 

13.5 
22  6 

14.8 
12.8 

17.7 
20.7 

14.3 

44.2 

30.8 
16.2 

74.9 
18.6 

478 

48.0 

14.9 

1879 

20  1 

1880 

64.9 

C.O.l 

78  4 

08.8 

47.3 

34  .S 

9  2 

14.7 

31.7 

13.5 

22.9 

23.8 

35.5 

13.5 

1881 

14  2 

.5.S.9 

101.5 

141.1 

50.7 

29.9 

33.3 

51.9 

14.1 

13.0 

14.3 

20.3 

44.5 

23.9 

1882 

24.8 

04  8 

1(!S.4 

55.0 

40.4 

38.6 

14.9 

20.8 

(!.3 

30.0 

22.2 

25.5 

38.4 

12.3 

1883 

20.1 

46.7 

8t.8 

65.9 

3:!.  5 

31  8 

10.8 

25.7 

12.1 

7.2 

21.1 

14  7 

29.8 

10.3 

1884 

31.5 

6<.9 

127.3 

121.2 

18.3 

15.5 

12  4 

33.5 

9.9 

17.4 

25  6 

45  5 

14  0 

1885 

37.1 
37.5 

.53.3 
62.7 

174.5 

58.8 

55.3 
58  8 

19.0 
2«.6 

22.8 
15.9 

0.2 
14.1 

23.7 
15.0 

12.2 
13.8 

38.2 
26.2 

113.0 
39.3 

39.4 
41.75 

13.6 

Averages 

113.7 

73.4 

14.7 

The  yearly  rainfalls  and  amounts  collected  are  shown  graphically  by 
the  profiles  on  Plate  1,  and  show  to  the  eye  much  better  than  figures  the 
fluctuations  in  the  quantities  from  year  to  year.  It  will  be  noticed  that 
the  rainfall  during  the  past  12  years  has  been  much  below  tlie  average  ; 
the  Lake  Cochituate  average  for  the  last  11  years  being  5.37  inches  less 
than  that  of  the  past  34  years.  The  rainfall  collected  has  also  fallen 
much  below  the  average,  and  the  years  1880  and  1883  show  on  all  of  the 
profiles  quantities  much  smaller  than  any  previous  records. 

The  profiles  on  Plate  2  show  the  percentages  collected  on  the  different 
supplies,  the  upper  profile  showing  the  percentage  collected  during  the 
year,  and  the  lower  profile  the  percentage  collected  of  the  rainfall  of  the 
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four  months,  July  to  October.  It  will  be  noticed  that  the  years  1880  and 
1883  were  not  only  years  of  small  rainfall,  but  that  the  percentages  col- 
lected were  also  below  the  average  ;  the  average  percentage  collected  on 
the  three  water-sheds  being  about  33  per  cent,  for  each  of  those  years. 

The  rainfall  during  the  summer  and  autumn  varies  but  little  from  that 
of  the  winter  and  spring,  but  the  percentage  which  can  be  collected- 
during  the  former  period  is  very  much  smaller.  The  average  amounts 
during  these  periods,  for  the  time  covered  by  the  preceding  tables,  have 
been  as  follows  : 

June  to  November  December  to  May  in- 

inclusive,  elusive. 

Rainfall  Rainfall. 

Rainfall.  coll.  Rainfall.  coll. 

Inches.  Inches.  Inches.  Inches. 

Lake  Cochituate 21.37  3.91  21.08  13.45 

Sudbury  River 21.613  ,3.693  22.3.53  16.557 

Mystic  Lake 19.59  3.66  21.03  13.30 

Averages 20.858  3.754  21.488  14.436 

From  July  1  to  November  1  the  percentage  of  the  rainfall  which 
can  be  collected  is  very  small,  as  will  be  seen  from  an  inspection  of 
Plates  2,  3  and  4.  The  line  of  average  monthly  rainfall  on  Plate  4  shows 
a  marked  depression  during  the  month  of  September  on  all  of  the  pro- 
files. This  irregularity  in  the  profile  would  partly  disappear  if  the  obser- 
vations covered  a  longer  period,  but  the  month  of  September  is  gener- 
ally one  of  small  rainfall.  A  comparison  of  the  upper  and  lower  lines  of 
the  profile  shows  very  clearly  the  fact  that  a  very  large  proportion  of  the 
rainfall  collected  during  the  year  is  collected  during  the  months  of  Feb- 
ruary, March  and  April,  and  that  while  the  average  monthly  amount 
collected  for  the  year  is  about  1.50  inches,  there  are  seven  months  when 
the  amount  is  less  than  the  average,  and  four  months  when  the  amount 
is  only  about  0.50  of  an  inch  per  month.  It  is  very  evident,  therefore, 
that  in  order  to  make  available  the  average  yield  of  any  water-shed, 
reservoirs  must  be  provided  to  store  the  rainfall  collected  during  the 
spring  months. 

From  the  fact  that  during  the  years  1880  and  1883  the  records  of  all  the 
supplies  show  that  only  between  ten  and  eleven  inches  of  rainfall  were 
collected  in  the  streams  and  ponds,  it  is  evident  that  it  is  not  safe  to 
assume  a  collection  of  more  than  ten  inches  in  a  year  of  extreme  drought. 
That  this  is  a  smaller  amount  than  has  been  generally  used  by  engineers 
in  estimating  the  value  of  water  supplies  in  this  section  of  the  country  is 
shown  by  the  following  estimates  made  by  different  engineers  :  W.  J. 
McAlpine  in  1870  made  a  report  on  the  water  supply  of  Lynn,  in  which 
he  estimated  that  each  square  mile  of  water-shed  would  furnish  one  mil- 
lion gallons  daily,  and  stated  that  "this  quantity  is  regarded  as  a  per- 
fectly safe  amount,  and  will  more  frequently  exceed  than  fall  short  of 
the  actual  quantity." 

J.  P.  Kirkwood  and  J.  B.  Francis,  in  a  report  on  the  Mystic  supply  in 
1873.  assumed  that  fifteen  inches  of  rainfall  might  be  collected  from  the 
Mystic  Basin  during  the  dryest  year. 

Joseph  P.  Davis,  in  estimating  the  value  of  different  supplies  in  the 
vicinity  of  Boston,  based  his  calculations  on  a  minimum  yield  of  twelve 
inches  of  rainfall. 
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H.  P.  W.  Birkenbine,  in  considering  the  water  supply  of  Lebanon,  Pa., 
believed  tliat  a  safe  estimate  of  the  availabli' rainfall  was  from  46  to  HO 
per  cent,  of  the  yearly  rainfall. 

In  a  report  on  the  supply  of  Manchester,  N.  H.,  in  1869,  J.  R.  Sawyer 
calculated  upon  a  collection  of  14.33  inches  in  a  year  of  drought.  A 
report  on  the  supply  of  Newton,  made  in  187'.^,  by  Edward  Sawyer,  the 
safe  collectioTi  in  a  very  dry  year  is  estimated  at  15  inches. 

That  these  estimates  were  so  much  larger  than  later  results  show  to  be 
safe  may  be  considered  as  owing  to  the  fact  that  careful  observations  of 
the  rainfall  collectable  have  not  been  more  generallj^  recorded  on  the 
water  supplies  of  the  county.  It  is  to  be  hoped  that  in  the  future  more 
attention  may  be  given  by  members  of  our  profession  to  this  branch  of 
the  question  of  water  supply  engineering. 


THE  IMPROVEMENT  AND  DRAINAGE  OF  THE  SPICKET  RIYER 
VALLEY,  LAWRENCE,  MASS.,  1883-1886. 


By  Arthur  D.  Marble,   Member  of  the  Boston  Society  of  CrviL  En- 
gineers. 
[Read  June  16,  1886.] 


The  city  of  Lawrence  is  located  about  twenty-six  miles  in  a  north- 
westerly direction  from  Boston  and  nine  miles  below  Lowell,  on  the 
banks  of  the  Merrimack.  Nestled  in  a  little  valley  between  two  hills- 
which  rise,  one  on  the  east  and  the  other  on  the  west,  to  a  height  of  15(y 
feet  above  the  general  level  of  the  heart  of  the  city.  But  little  over  forty- 
years  ago,  only  an  old-time  farm-house  here  and  there  dotted  the  quiet 
landscape,  furnishing  the  only  sign  of  civilized  life  in  the  neighborhood.. 

Fortunately,  one  of  the  farmers  located  here  had  been  a  manufacturer, 
and,  in  his  mind,  the  thought  came  of  great  possibilities  in  Bodwell's 
Falls,  located  within  the  present  limits  of  the  city,  and  m  Peters'  Falls 
above.  These  he  measured  with  a  straight-edge  and  level,  and  with  his 
idea  matured,  he  presented  the  case  to  certain  capitalists,  of  whom  the 
Lawrence  family  were  prominent. 

The  thought  and  enterprise  of  this  farmer-engineer  were  the  introduc- 
tion to  the  present  great  dam  which  chains  the  rolling  waters  of  this 
"  river  of  uses,"  as  one  of  our  historians  calls  it,  to  the  canals,  the  mon- 
ster mills,  the  busy  spindle  and  the  flying  shuttle,  which  furnish  em- 
ployment for  thousands  of  hands  and  make  the  city  of  Lawrence.  To 
the  river  we  owe  our  birth  as  a  town  and  city,  and  to  it  our  continued 
existence.  From  it  we  take  the  w\ater  for  domestic  use.  freighted 
though  it  may  be  with  the  sewage  of  Lowell,  of  Nashua,  of  Manchester 
and  Concord,  and  into  it  we  in  turn  discharge  our  own  sewage,  yet 
a  short  distance  below  the  city  the  water  seems  as  pure  as  when  it 
flowed  from  the  great  lake  in  the  midst  of  the  New  Hampshire  hills. 
On  our  southeastern  border  runs  the  Shawsheen,  which  Boston  is  so- 
anxious  to  divert  from  its  ancient  channel  and  turn  into  the  sea  at  Moon. 
Island.  Through  the  northern  portion  of  the  city,  about  midway  be- 
tween the  Merrimack  and  our  northern  boundary  line,  runs  another 
stream  about  the  same  size  as  the  Shawsheen,  called  the  Spicket     For 
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a  mile  it  runs  nearly  parallel  with  the  Merrimack,  and  then  turns  to  the 
south  and  discharges  into  it,  about  three  hundred  feet  above  the  mouth 
of  the  Shawsheen. 

This  Spicket  river  is  comparatively  small,  yet  it  drains  a  number  of 
ponds  which  act  as  reservoirs  and  render  the  supply  quite  regular  and 
continuous,  making  the  river  available  for  water-power  at  Methuen  vil- 
lage, where  are  located  various  manufacturing  interests  ;  and  soon  after 
crossing  the  Methuen  line  another  dam  furnishes  power  to  the  Arlington 
mills,  and  still  further  down  the  river  two  other  dams  obstruct  its  flow, 
one  at  a  shoddy  mill  and  the  other  at  a  worsted  mill.  Between  the 
Spicket  river  and  the  Merrimack  is  the  most  populous  part  of  the  city, 
and  the  centre  of  density  of  population  is  rapidly  extending  north 
toward  the  Methuen  line.  Into  the  Spicket  discharged  the  first  sewer 
built  by  order  of  the  municipal  authorities,  and  up  to  the  summer  of 
1883  twenty-four  different  sewer  outlets  from  the  thickly-settled 
part  of  the  city  made  a  constant  contribution  of  filth  to  the 
stream,  which  was  further  polluted  and  badly  discolored  by  the 
sewage  from  the  jail  and  the  entire  drainage  of  the  Arlington 
mills,  including  the  dye-house,  from  which  came  ingredients  which 
blackened  the  water  when  the  flow  in  the  river  was  limited.  Another 
source  of  trouble  were  the  two  dams  near  the  mouth  of  the  river,  which 
made  the  current  too  sluggish  to  hold  in  suspension  the  sewage  which 
was  discharged  into  it.  The  river  usuall}'  got  a  scouring  out  once  or 
twice  each  year  in  the  spring  and  fall  freshets,  but  at  times  during  the 
summer  months  the  volume  of  flow  is  very  small,  and  at  such  times  the 
complaints  came  from  its  neighborhood  of  ofi'ensive  odors  from  the 
exposed  banks  saturated  with  the  filth  deposited  dviring  more  than  a 
quarter  of  a  century,  and  from  seventeen  acres  of  sewage-polluted 
water  surface. 

The  citizens  and  City  Council  agitated  the  question  of  improving  the 
valley  for  two  years,  and  in  1882  a  petition  was  presented  to  the  Legisla- 
ture resulting  in  the  passage  of  an  act  authorizing  the  city  to  improve 
and  straighten  the  river  channel,  to  build  the  necessary  sewers,  to  take 
]-eal  estate,  to  cause  private  land  to  be  filled,  and  to  delegate  the  carry- 
ing out  of  the  work  to  a  board  of  commissioners.  In  the  spring  of  1883 
three  commisioners  were  appointed.  The  river  and  valley  were  exam- 
ined by  them  during  the  summer  of  1883  ;  a  report  presented  to  the  city 
government  with  suggestions,  plan  and  estimate  of  cost,  which  were 
adopted  by  the  city  council,  and  work  was  commenced  on  the  main  sewer 
in  October,  1883.  The  improvements  were  instituted  and  the  expenses  of 
them  allowed  by  the  Legislature  solely  on  the  pretext  of  the  public  health. 
It  is  an  open  question  whether  any  individual  sickness  had  been  caused 
by  the  condition  of  the  river,  and  we  have  had  no  serious  epidemic;  but 
the  danger  threatened,  and  the  people  demanded  the  remedy  which 
has  been  applied. 

The  improvments  may  be  divided  into  two  parts :  first,  the  construc- 
tion of  a  main  sewer  into  which  now  discharge  all  the  city  sewers  pre- 
viously discharging  into  the  river  ;  and  second,  the  straightening  of  the 
river  channel  and  the  grading  of  the  low  territory  adjoining. 

In  1876  our  honored  vice-president  prepared  a  sewerage  plan  for  the 
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•city,  and  a  main  sewer  of  similar  design  and  location  was  one  of  its  feat- 
ures. We  have  changed  Mr.  Rice's  original  ])lan  to  some  extent,  but 
the  idea  remains  the  same.  The  main  sewer,  as  now  built  and  completed, 
is  8,683  feet  long  and  the  diameter  varies  from  5  feet  9  inches  at  its  out- 
let to  3  feet  at  its  upper  end.  It  still  discharges  into  the  Spicket,  but  at 
a  point  below  the  lowest  dam,  leaving  the  flow  unobstructed  to  the  Mer- 
rimack through  a  channel  with  a  fall  of  about  three  feet  in  eight  hun- 
dred. The  outlet  is  under  a  new  bridge,  which  was  being  constructed  at 
the  same  time,  and  anticipating  the  time  when  the  discharge  from  the 
sewer  at  that  point  would  prove  a  nuisance,  we  made  an  arrangement 
under  the  abutment,  bv  a  three-foot  sewer,  that  the  sewage  could  at  any 
time  be  taken  furtlier  down  the  river  to  near  the  Merrimack.  The  section 
was  only  completed  under  the  abutment,  leaving  the  extension  for  the 
future.  The  route  of  the  main  sewer  for  6,183  feet  was  in  the  public 
streets,  the  remainder  through  private  land.  Two  sections,  one  361  feet 
long,  the  other  206  feet  long,  were  tunneled.  The  character  of  the  tun- 
nel excavation  was  ledge  for  the  lower  half,  and  sand  and  gravel,  with 
considerable  water,  in  the  upper  half.  The  legs  of  the  bracing 
rested  on  a  short  plank  on  the  ledge.  They  were  of  6  inches  by  8  inches 
spruce  timber,  and  the  caps  8  inches  by  8  inches  spruce,  7  feet  6  inches 
long.  The  lagging  was  2-inch  plank,  5  feet  long,  sharpened  at  one  end. 
each  section  of  lagging  placed  below  that  already  in  place,  driven  two 
feet,  and  then  a  temporary  cap  supported  on  a  middle  leg  was  put  in  and 
the  lagging  driven  the  remainder  of  the  length  to  flush  with  the  face  of 
the  cap,  and  another  set  of  bracing  timbers  put  in  4  feet  4  inches  from  the 
first.  Where  the  excavation  was  very  bad,  a  middle  set  of  bracing  was 
put  in. 

Height  of  the  tunnel  excavation,  about  9  feet  6  inches.  Drilling  in  the 
tunnels  was  by  hand  drills.  Average  cost  per  lineal  foot  of  tunnel  exca- 
vation was  $14.91  and  $12.20  respectively  for  each  section.  Aside  from 
the  tunnel,  we  had  about  6.000  cubic  yards  of  rock  excavation.  On  this 
were  employed  two  steam  drills  during  the  greater  part  of  the  season  of 
1884,  one  engine  of  twenty  horse-power  furnishing  steam  for  the  drills 
and  for  running  the  derrick  which  was  used  in  hoisting  tlie  buck- 
ets of  material  from  the  trench.  For  drills  we  had  the  Rand 
and  Ingersoll ;  for  explosives,  Hecla  and  Atlas  powder.  Holes 
were  sunk  from  4  to  14  feet  deep,  according  to  depth  of  face. 
About  50  feet  of  drilling  was  an  average  day's  work  per  drill. 
Size  of  drill,  li-inch  octagon.  The  rock  was  almost  entirely  blue-stone, 
very  shaky.  Our  experience  with  the  steam-drills  was  that  the  Inger- 
soll was  least  expensive  to  maintain,  but  that  the  Rand  would  free  itself 
better  and  was  least  liable  to  get  caught  in  the  seams  of  the  rock  ;  6.721 
cubic  yards  of  ledge  excavation  were  removed,  at  an  average  cost  of  $3 
per  cubic  yard.  About  1.200  feet  of  the  length  of  the  sewer  was  in 
quicksand.  For  about  half  this  distance  we  were  obliged  to  use  four- 
inch  tongued  and  grooved  plank  for  the  sheet  piling.  The  bottom  of 
the  excavation  was  planked  over  with  two  thicknesses  of  2-inch  plank 
and  on  this  platform  the  sewer  was  built,  the  entire  space  between  the 
invert  and  platform  and  sheet-pihng  being  filled  solid  with  brickwork. 
Through  the  remainder  of  the  quicksand  the  piling  was  of  2-inch  plank, 
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and  the  amount  of  brickwork  governed  by  the  varying  conditions.  The 
piling  and  cross-bi*acing  in  the  quicksand  was  nearly  always  left 
in  place.  The  depth  of  the  excavation  throughout  the  line  of 
the  main  sewer  was  eighteen  feet  on  an  average.  The  planking  of  the 
trench  was  entirely  in  the  form  of  sheet  piling,  about  15  feet  long  and 
two  inches  thick  for  the  most  part,  except  as  before  stated  in  certain  sec- 
tioas  of  the  quicksand.  The  stringers  were  6-inches  X  8-inches,  and  the 
cross-bracing  was  6-inches  X  6-inches.  The  sheet  piling  was  driven  by 
hand  ;  three  men  running  an  iron  hammer  one  foot  long,  seven  and  one- 
half  inches  wide  and  four  inches  thick,  weighing  about  one  hundred 
pounds,  being  employed  constantly  on  each  side  of  the  trench  in  driving. 
For  about  one-half  the  length  of  the  sewer,  a  second  line  of  sheet  piling 
was  driven  below  the  first,  and  this  length  was  rarely  drawn,  being  cut 
off  about  level  with  the  top  of  the  arch.  The  water  was  removed  from 
the  trench  by  the  use  of  the  Edson  diaphragm  pump  ;  one  and  two 
pumps,  according  to  circumstances,  being  used  constantly  in  each  section 
of  the  excavation. 

All  existing  house  drains  encountered  were  connected  as  the  work 
progressed. 

The  inclination  of  the  sewer  is  such  that  when  the  depth  of  flow  is 
one-quarter  of  the  diameter,  the  calculated  velocity  of  flow  is  not  less 
than  three  feet  per  second. 

The  5  ft.  9  in.  section,  and  the  5  ft.  6  in.  section  were  laid  with  three 
rings  of  brick,  and  the  other  sizes  with  two  rings,  with  buttresses  every 
four  to  six  feet  in  the  length  of  the  sewer.  These  buttresses  are  eight 
inches  wide,  extending  from  the  top  of  the  cradle  to  the  spring  line  of 
the  arch,  and  built  to  the  side  planking  of  the  trench  when  this  was  not 
removed,  or  to  the  solid  bank.  The  construction  of  the  sewer  being 
entirely  done  by  the  day,  there  was  no  inducement  for  any  one  to  slight 
the  work,  but  one  accident  occurred  which  gave  to  the  city  council  a 
pretext  for  attributing  defective  and  careless  work  to  the  commission 
and  their  employes.  While  excavating  the  sewer  trench  within  about 
seventy-five  feet  of  the  old  channel  of  the  river,  the  water,  following  as 
we  supposed  a  musk-rat's  hole,  suddenly  began  to  run  through  the  bank 
to  the  trench.  Beginning  with  a  stream  about  the  size  of  a  man's  arm,  it 
rapidlj'  increased  in  volume  and  in  ten  minutes  the  trench  and  about 
1,700  feet  of  completed  sewer  were  submerged.  The  sew-er  was  5  feet  3 
inches  in  diameter,  with  two  rings  or  8  inches  of  brickwork  for 
a  shell.  The  effect  on  the  sewer  was  to  spread  the  walls  of  a  section 
recently  finished,  forming  a  crack  at  the  crown  for  a  length 
of  about  one  hundred  feet.  It  was  considered  serious  only  for  a  length 
of  fifty  feet  where  the  walls  spread  about  four  inches  in  extreme 
measurement,  and  this  section  was  relaid,  though  had  it  not  been,  I 
think  it  would  have  proved  stable.  The  city  council  held  a  public  sit- 
ting of  five  hours,  making  of  themselves  a  tribunal,  with  the  mayor  as 
examining  attorney  for  the  city,  to  investigate  the  cause  of  the  accident. 
Experts  in  brick  sewer  masonry  who  had  previously  been  through  the 
sewer,  were  called  in  and  testified  finding  the  work  to  have  been  done 
n  a  "  most  thorough  and  workmanlike  manner,  and  that  the  materials 
appear  to  have  been  of  the  best    quality."    As  to  the  cause  of  the 
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break  iu  the  sewer,  the  backfilling  around  the  invert  and  arch  may  have 
been  iuiproperlv  done,  cr  with  such  material  that,  mixed  with  water, 
it  became  merely  mud  and  entirely  inadecjuate  to  resist  any  sudden 
pressure.  We  anticipate  that  the  sudden  flood  of  water  acting  on  the 
confined  air  in  the  sewer  may  have  exerted  a  suflicient  pressure  on  the 
green  brickwork  to  cause  the  rupture.  The  question  arose  as  to  the 
thickness  of  the  shell  of  the  sewer,  whether  sufficient  or  not.  The  depth 
of  cutting  where  the  break  occurred  was  about  twenty-two  feet.  The 
eight-inch  shell  was  sufficient  at  another  place  with  a  depth  of  cutting 
of  thirty  feet,  but  of  course  another  four  inches  of  brickwork  would  help 
make  up  for  defective  tamping  of  the  earth  or  improper  filling  material. 
The  city  council  could  attach  the  blame  to  no  one,  and  the  work  went 
on  without  further  accident. 

The  sewer  in  nearly  its  entire  length  was  laid  on  a  timber  foundation 
mostly  in  the  form  of  a  cradle  of  2  X  4  inch  joist  laid  flatwise.  This, 
cradle  facilitates  the  laying  of  the  brick  and  keeps  the  brickwork  dry  in 
laying.  The  joist  was  nailed  to  a  form,  and  in  process  of  laying  the 
brick  this  form  was  removed. 

It  was  impossible  to  carry  the  sewer  in  its  entire  length  on  one  side  of 
the  river,  and  it  became  necessary  to  cross  the  river  twice  :  first  at  East 
Haverhill  street,  where  the  original  plan  provided  for  an  inverted  siphon^ 
but  by  flattening  and  widening  the  shape  of  the  sewer  the  siphon  was 
avoided  and  the  channel  of  the  river  is  unobstructed.  The  walls  of  this 
section  were  strengthened  by  additional  brickwork,  and  covered  over 
the  arch  with  from  seven  to  twelve  inches  of  concrete.  Tlie  depth  of 
water  iu  the  river  was  reduced  about  four  feet  by  opening  the  gates  at  the 
dam  below,  and  a  sand-bag  dam  diverted  the  regular  flow  of  the  river  ta 
one  side  of  the  channel  while  the  sewer  was  in  process  of  construction. 
One-half  the  length  was  laid  at  a  time. 

The  sewer  crossed  the  river  again  at  Daisy  street,  about  900  feet  from 
its  upper  terminus.  Heie  also  the  original  plan  was  for  an  inverted 
siphon,  but  we  decided  to  substitute  two  lines  of  thirty-inch  iron  pipe 
for  the  brick  siphon  previously  planned,  with  the  grade  of  the  inverts 
continuous  with  that  of  the  brick  sewer  at  each  end.  The  two  pipes 
were  used  to  lessen  the  height  of  the  sewer  in  order  not  to  obstruct  the 
river  channel.  To  make  the  passage  through  the  river  a  dam  of  puddle 
clay  on  each  side  of  the  proposed  location  was  made,  running  half-way 
across  the  channel  and  closed  in  at  the  end  in  the  middle  of  the  stream  ;. 
then  two-inch  sheet  piling  was  driven  around  the  two  sides  and  end.  the 
water  pumped  out  and  the  excavation  made.  The  two  lines  of  pipes  were- 
laid  onvi  plank  platform  ;  they  were  placed  as  close  together  as  possible^ 
leaving  only  sufficient  room  between  them  to  allow  the  making  of  the 
joints,  which  were  run  with  lead.  After  the  pipes  were  laid,  gravel  was 
packed  around  them,  the  sheet  piling  cut  off  about  level  with  their 
top,  and  with  the  water  drawn  down  as  low  as  possible,  the  earth  con- 
stituting the  dam  was  removed.  One-half  of  this  line  of  pipe  was  laid 
on  one  Sunday,  and  the  other  half  the  next. 

In  carrying  out  the  plan  some  7,000  feet  of  branch  sewers  have  been  con- 
st! v  "ted.  mostly  for  the  purpose  of  connecting  the  old  sewers,  which  pre- 
viously discharged  into  the  river,  with  the  new  main  sewer.    One  brancli^ 
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runs  to  the  Arlington  mills,  from  vrhich  it  is  proposed  to  take  the  entire 
polluted  discharge.  Arrangements  have  not  yet  been  made  with  the  cor- 
poration, and  I  anticipate  they  will  resist  any  attempt  on  the  part  of  the 
city  to  oblige  them  to  drain  their  dye-house  into  the  sewer. 

Nearly  all  the  old  sewer  outlets  have  been  retained  as  overflow  sewers, 
the  new  main  being  capacitated  to  take  -^th  of  an  inch  of  rainfall  over 
711  acres  of  the  area  drained,  ./f^th  over  181  acres,  and  ]4  of  an  inch 
over  the  remainder,  making  a  total  of  972  acres.  The  connections 
between  the  old  sewers  and  the  main  are  very  simple,  consisting  for  the 
most  part  of  6-inch  and  8-inch  pipe  in  short  distances,  running  from  a 
man-hole  on  the  old  sewers,  in  which  was  built  a  low  dam  to  divert  the 
sewage  to  the  pipe,  leaving  the  old  outlet  to  serve  as  an  overflow.  The 
connection  between  one  of  the  old  sewers  and  the  main  had  to  be  made 
across  the  river  channel  at  a  point  where  the  main  sewer  was  too  high  to 
allow  the  pipe  to  be  laid  beneath  the  bed  of  the  river  and  allow  of  a  coulir- 
uous  incline  to  the  main,  and  we  constructed  the  section  under  the 
channel  in  the  form  of  an  inverted  siphon  of  8-inch  iron  pipe.  The  siphon 
is  90  feet  long  and  the  dip  4  feet  9  inches.  At  its  upper  end  is  a  settling 
basin  5  feet  deep,  and  through  the  pipe  is  run  a  chain  with  which  to  free 
the  pipe  if  it  should  get  clogged.  One  other  connection  was  through  a 
bridge  above  the  water.  This  connection  consisted  of  a  6-inch  iron  pipe 
encased  in  a  13-inch  iron  pipe,  forming  an  air  space  around  the  sewage 
pipe  to  prevent  freezing.  It  is  situated  in  a  very  exposed  position,  but 
it  worked  perfectly  all  this  last  winter,  and  we  anticipate  no  trouble 
from  it.  A  copper  wire  is  run  through  this  pipe  with  which  to  free  it  of 
obstructions,  should  there  ever  be  any. 

We  were  obliged  to  lay  four  other  connections  under  the  river  ;  three 
of  these  occurred  in  the  new  channel,  and  were  laid  before  the  water  was 
let  in.  Two  were  of  iron  pipe  and  one  of  Akron  arched  with  brick. 
The  fourth  was  also  of  iron,  was  laid  in  the  old  river  channel,  and  under 
considerable  difficultj',  taking  advantage  of  low  water  on  Saturday  night 
and  Sunday.  Here  also  a  sand-bag  dam  was  used,  but  the  water  flowed 
over  the  dam  bpfore  the  work  was  entirely  finished,  driving  the  laborers 
out,  and  the  water  has  not  been  low  enough  since  to  allow  the  finishing 
of  the  job.  The  brick  used  were  mostly  from  Plaistow,  and  cost  on  the 
works  in  Lawrence  an  average  of  $7.15.  Number  of  brick  used  up  to 
January  1st,  1886,  3,375,000.  We  used  theF.  O.  Norton  brand  of  cement, 
costing  $1.43  per  cask,  by  contract  with  a  local  dealer.  Cement  was 
mixed  in  proportion  of  1^  sand  to  1  of  cement,  using  an  average  of  2i 
casks  per  1,000  brick.  The  average  cost  of  the  brickwork  laid  was  $15.75 
per  1,000,  or  $9.27  per  cubic  yard. 

The  straightening  of  the  old  channel  of  the  river  was  not  considered  of 
first  importance  ;  but  carrying  with  it,  as  it  does,  the  grading  of  all  the 
low  lands  adjoining,  making  high  ground  of  what  had  been  little  better 
than  marsh  land,  the  straightening  becomes  an  important  factor  in  this 
line  of  improvements  instituted  for  the  benefit  of  the  public  health.  No 
one  can  deny  the  great  improvement  in  the  appearance  of  the  locality 
with  the  straight  channel  and  fine  bridges  which  span  it.  With  the  ex- 
ception of  the  pumping  station  and  reservoir  of  the  water  works,  it 
forms  the  most  attractive   feature  of  municipal  work  accomplished  for 
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many  years.  The  width  uf  tlie  uew  channel  at  the  bottom  is  34  feet,  and 
the  sides,  which  bU)i)e  two  to  one,  are  paved  to  the  dei)th  of  15  inches 
with  field  stone.  Through  a  section  where  the  cutting  was  about  17 
feet,  the  channel  was  walled  for  a  distance  of  about  468  feet,  the  wall 
being  built  to  within  about  6  feet  of  the  surface  of  the  ground,  and  of  a 
size  sutlicient  to  allow  of  its  extension  to  such  a  height  as  may  be  estab- 
lished as  grade  for  the  proposed  avenue  adjoining.  The  distance 
between  the  walls  is  50  feet,  measured  between  points  3  feet 
above  the  grade  of  the  bottom  of  the  channel,  being  at  a 
point  about  half  the  depth  of  water  at  its  ordinary  dry 
weather  height.  The  walls  were  built  by  contract.  They  are  of 
rubble  stone,  laid  dry,  with  the  exception  of  the  face,  which  was  laid  to 
a  depth  of  1  foot  with  cement  mortar.  The  prices  were  $3.25  for  dry  and 
$5  per  perch  for  mortar-work.  The  excavation  of  the  next  section  of 
the  channel  through  a  boghole  for  a  length  of  153  feet,  with  sloped 
banks,  was  also  done  by  contract  at  55  cents  per  cubic  yard,  against  3H 
cents  for  the  section  that  was  walled.  The  remainder  of  the  channel 
excavation  was  done  by  the  Spicket  department  with  its  own  teams,  and 
the  expense  was  32  cents  per  cubic  yard.  The  paving  was  also  done  by 
the  city,  at  a  cost  of  32i"u  cents  per  perch  for  laying,  the  stone  costing  90 
cents  per  perch  delivered  on  the  ground.  As  the  land  adjoining  the  new 
channel  is  further  improved  by  grading,  the  river  bank  will  have  to  be 
raised,  and  the  plan  is  to  increase  this  height  by  a  low  stone  wall  built 
along  the  top  of  the  slope.  The  filling  material  for  the  old  channel  has 
been  delivered  on  the  ground  by  several  contractors,  costing  the  city  30 
cents  per  yard,  the  length  of  haul  being  about  a  mile.  The  city  took 
care  of  the  dump,  at  an  additional  expense  of  about  2  cents  per  yard,. 
The  ordinary  depth  of  water  in  the  river  channel  is  6^  feet,  being  practi- 
cally still  water,  held  back  by  the  dam  below,  the  surface  velocity  with 
the  water  at  ordinary  stage  being  about  one-third  of  a  foot  per  second.. 
The  width  of  the  channel  with  sloped  banks  when  the  water  stands  level 
with  the  top  of  the  dam  is  about  58.4  feet.  An  avenue  is  to 
run  on  the  north  and  south  banks  of  the  new  channel,  along 
which  trees  are  to  be  planted,  the  whole  intended  to  form,  when 
completed,  a  sort  of  park,  having  a  length  of  about  3,000  feet  and  a  width 
of  180  feet.  Further  straightening  of  the  channel  above  the  termiims 
wiU  follow  these  improvements  about  completed,  and  with  the  bushes 
and  weeds,  which  have  collected  all  manner  of  floating  filth,  kei)t  from 
growing  along  the  water's  edge,  the  riv^r  will  no  longer  be  a  source  of 
sanitary  uneasiness.  The  length  of  the  new  channel  is  3.050  feet,  displac- 
ing a  length  of  7,250  feet  of  old  channel.  Area  of  the  old  channel  from  the 
Arlington  mills  to  the  next  dam  below  is  16^  acres,  while  the  area  of  the 
new  channel  is  but  9 J  acres,  being  a  reduction  of  about  7  acres  of  water 
surface.  The  section  of  the  river  on  which  these  improvements  were 
made  formed  the  mill  pond  of  Tower,  Wing  &  Co.,  manufacturers  of 
shoddy,  and  they  have  brought  two  suits  against  the  city,  one  for  pollut- 
ing the  stream  before  the  improvements  were  made,  the  other  for  lessen- 
ing the  storage  capacity  of  their  pond.  It  is  understood  they  claim 
about  120,000  damages. 
No  regular  records  have  been  kept  of  the  flow    of   water  in  the  river, 
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but  the  amount  for  the  year  ending  Sept,  1,  1885,  was  such  that  for  seven 
months  the  Arlington  mills  used  about  137  cubic  feet  of  water  per  second, 
for  three  months  about  77  cubic  feet  per  second,  and  for  the  remaining 
two  months  about  60  cubic  feet  per  second,  giving  a  fair  idea  ot  the  value 
of  the  stream. 

Two  iron  bridges  have  been  constructed  over  the  new  channel.  The 
•character  of  the  excavation  for  the  foundation  of  the  abutments  was 
sand,  intermixed  with  vegetable  earth,  being  a  deposit  of  the  Spicket 
river,  brought  down  from  the  northern  hills  and  meadows  in  prehistoric 
freshets.  This  was  easily  removed,  requiring  little  or  no  use  of  the  pick. 
At  a  depth  of  from  four  to  six  feet  below  the  grade  of  the  channel  the 
vegetable  earth  disappeared,  and  the  foundations  were  put  in.  These 
consisted  of  platforms  of  solid  timber,  ten  feet  to  twelve  feet  wide,  sixty- 
iive  or  more  feet  long,  and  from  sixteen  to  eighteen  inches  in  thickness. 
Fii'ft,  a  flooring  of  planking  was  laid  lengthwise  of  the  abutment ;  on 
this,  heavy  timbers  were  laid  close  together  across  the  line  of  the  abut- 
ment, and  floored  again  on  top  of  the  timbers  with  planking.  The  lumber 
used  was  well  seasoned,  perfectly  sound  and  free  from  sap.  On  top  of 
the  timber-work  were  laid  the  broad  stone  levelers,  many  of  them  cover- 
ing an  area  of  fifty  square  feet.  Upon  this  foundation,  which  was 
brought  to  the  grade  of  the  new  channel,  and  which  had  a  surface  of 
about  700  square  feet,  was  raised  the  abutment  with  a  base  about 
eight  feet  broad,  battering  on  the  face  and  back  to  about  five  feet  wide 
at  the  level  of  the  truss-seat,  nine  and  one-half  feet  above  the  levelers. 
Above  the  truss-seat  runs  the  parapet  wall  five  feet  and  one-half  high, 
capped  with  flagstone  two  feet  wide  and  eight  inches  thick.  The 
masonry  is  rubble,  with  bearing  stones  of  granite  for  the  trusses.  Face 
of  the  abutments  laid  in  mortar  one  foot  deep  from  the  face  ;  remainder 
of  the  abutment  laid  dry. 

The  bridge  at  Hampshire  street  was  the  first  built.  It  does  not 
stand  square  with  the  line  of  the  stream,  but  at  an  angle  of  63'  30', 
The  length  of  the  trusses,  from  centre  to  centre  of  end-pins,  is  61J 
feet.  The  roadway  is  30  feet  wide  between  trusses,  and  the  sidewalks 
each  7  feet  wide  in  the  clear.  The  roadway  is  designed  to  carry 
a  moving  load  of  100  lbs.  per  square  foot  of  surface  and  the  sidewalks  80 
lbs.  Tlie  floor  timbers  are  Southern  pine,  the  roadway,  which  is  crowned 
3  inches  continuously  tbrough  the  length  of  the  bridge,  being  planked 
with  two  thicknesses  of  two-inch  Southern  pine  plank,  tarred  between 
the  courses,  the  upper  planking  running  with  the  line  of  travel,  and  the 
whole  roadway  is  covered  with  roofing  tar  and  gi'avel.  The  sidewalks 
are  planked  with  a  single  thickness  of  two-inch  Southern  pine  plank,  and 
are  protected  with  a  substantial  iron  fence.  Though  not  entirely  finished, 
the  bridge  was  opened  for  travel  June  25,  1885,  just  two  months  from 
the  time  the  ground  was  broken  for  the  foundations.  Cost  of  the  bridge 
and  abutments  complete,  $6,400. 

Plans  were  made  for  a  stone  arch  bridge  at  Lawrence  street,  but  owing 
to  the  excessive  cost  the  plan  was  abandoned  and  an  iron  bridge  was 
erected  instead.  This  also  does  not  stand  square  with  the  line  of  the 
channel,  but  at  an  angle  of  80'.  The  length  of  trusses  from  centre  to 
centre  of  end-pins  is  56  feet  8  inches.     The  roadway  is  40  feet  wide, 
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crowned  4  inches  continuously  betweon  the  trusses,  and  each  sidewalk 
is  8  feet  wide  in  the  clear,  the  street  at  each  end  of  tlie  bridge  being  GO 
feet  wide.  The  cost  was  about  $9,100.  The  estimated  cost  for  the  stone 
arch  was  about  double  this  amount. 

The  Boston  Bridge  Works  had  the  contract  for  the  iron-work,  and 
constructed  the  bridges  in  their  usual  superior  manner. 

The  cit}'  has  ac(|uired,  by  seizure  of  the  old  river  channel  discontinued 
and  of  lands  demanding  filling  or  necessarj-  for  the  use  of  the  city  in  the 
construction  of  these  public  works,  some  3U  acres.  This  is  to  be  laid 
out  in  streets  and  lots  and  sold.  Settlement  has  been  made  for  a  part  of 
the  land  damages,  and  part  will  be  settled  by  the  courts.  A  number  of 
wells  were  di*ained  in  the  construction  of  the  sewer.  The  owners 
petitioned  for  damages,  and  the  commissioners  settled  all  bj'  connecting 
the  dilFerent  houses  with  the  city  water.  Each  well  cost  the  city  an 
average  of  about  $11.  but  the  city  in  turn  will  receive  a  constant  revenue 
from  the  parties  for  the  use  of  the  water. 

In  conclusion.  I  desire  to  say  tliat  the  success  of  the  construction  of  the 
works  is  largely  due  to  Mr.  S.  J.  Edwards,  our  efficient  superintendent, 
who  immediately  previous  to  his  employment  in  Lawrence  was  in  charge 
of  sewer  construction  in  Lowell,  and  is  now  at  Lynn  in  the  employ  of 
Mr.  McClallan,  constructing  the  new  main  sewer  in  that  city,  a  work 
which,  as  is  well  known,  has  proved  quite  a  serious  undertaking.  The 
liniuciul  affairs  were  managed  by  the  commission,  at  whose  head  was 
Mr.  A.  A.  Lamprey,  to  whose  careful  management  is  largely  due  the 
face  that  the  work  has  been  completed  at  about  the  amount  of  the  origi- 
nal estimates.  This  is  particularly  gratifying  from  the  fact  that  with  the 
exception  of  a  small  part  mentioned  pi  eviously,  and  the  furnishing  of 
the  filling  material,  all  the  work  has  been  done  by  the  day,  with  help 
employed  by  the  superintendent,  under  the  direction,  to  some  extent,  of 
the  commission. 

DESCRIPTION    OF   PLATES. 

Plate  I. — Nos.  1,  2,  3,  4  represent  sections  of  the  main  sewer.  No  1, 
taking  the  place  of  the  originally  proposed  siphon  at  East  Haverhill 
street. 

Nos.  5  and  6,  sections  of  two  branch  sewers. 

No.  7,  section  of  the  wall  built  along  the  new  channel,  where  the  depth 
of  excavation  was  about  16i  feet.  Wall  will  in  time  be  extended  in  height 
from  three  to  four  feet. 

Nos.  8  and  9  show  profile  and  section  of  the  Akron  pipe  sewer  under  the 
new  channel. 

No.  10  shows  the  siphon  on  one  of  the  branches. 

No.  11,  another  branch  sewer  connection  under  the  river  channel. 

No.  12,  abutment  of  Hampshire  street  bridge. 

No.  13,  manner  of  bracing  the  tunnel. 

Plate  II. — Nos.  1.  2,  3  represent  the  man-hole  near  the  outlet  of  the 
main  sewer,  where  the  sewage  is  to  be  diverted  from  the  present  outlet 
and  carried  further  down  stream. 

Nos.  4,  5,  6,  the  twin  iron  pipe  sewer  under  the  river  at  Daisy  street, 
taking  the  place  of  the  siphon  originally  proposed. 


410  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Nos.  7,  8,  a  man-hole  on  a  branch  sewer,  showing  the  eight-inch  sewage 
pipe  in  the  left-hand  corner,  and  the  overflow  sewer  above. 
Nos.  9,  10,  11,  man-hole  at  upper  terminus  of  the  main  sewer. 


FOUNDATIONS  OF  THE  GARFIELD  MONUMENT. 


By  James  Ritchie,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 
[Read  April  13,  1886.] 


It  is  not  my  intention  to  describe  in  detail  the  construction  of  the  Gar- 
field Monument,  but  simply  to  present  a  few  facts  as  to  the  foundations 
and  the  stone  used  in  construction,  to  the  members  of  this  Club.  The 
foundations  have  already  been  laid,  and  the  dimensions  are  approximately 
as  follows  :  Length,  east  and  west,  70  feet ;  width,  north  and  south,  51 
feet ;  inside  diameter  of  tower,  40  feet ;  thickness  of  tower  walls  at  base, 
4  feet  6  inches  ;  height  of  tower  above  ground,  225  feet  ;  thickness  of 
walls  at  foot  of  corbeling  near  top  of  tower,  2  feet  6  inches.  The  press 
ure  of  the  outside  tower  walls  alone  upon  the  lower  course  of  the  founda- 
tioD  will  be  about  8  tons  per  square  foot,  and  the  additional  pressure  from 
force  of  wind  about  1\  tons  per  square  foot,  assuming  a  wind  force  of  50 
pounds  per  square  foot  of  surface  exposed.  This  gives  a  total  upon  the  lower 
course  of  masonry  of  9^  tons  per  square  foot.  The  limit  usually  adopted 
for  Berea  stone  is  10  tons  per  square  foot,  hence  there  is  no  danger  of 
the  masonry  being  crushed  by  the  weight  above.  The  pressure  of  the 
foundations  upon  the  ground  below  was  not  figured,  as  I  had  no  means 
of  finding  the  actual  extent  of  the  bearing  or  footing  courses.*  The 
preparation  of  the  foundation  soil  should  have  had  the  greatest  care. 
The  surface  soil,  which  has  a  depth  of  from  three  to  five  feet,  is 
almost  entirely  yellow  clay.  Beneath  this  is  a  substance  known  as 
shale.  It  is  very  easily  acted  upon  by  the  elements,  and  should,  there- 
fore, be  carefully  examined  for  traces  of  such  action.  These  traces  are 
easily  discerned  by  any  visitor  to  the  site  of  the  monument.  A  roadway 
has  been  excavated  completely  around  the  site,  and  from  100  to  2C0  feet 
from  the  monument.  This  has  made  necessary  an  excavation  of  from  1 
to  14  feet  in  depth,  which  has  exposed  the  edges  of  the  strata  of  shale 
for  a  depth  of  from  1  to  10  feet.  The  strata  dip  toward  the  southeast  at 
an  angle  of  about  10°  with  the  horizon,  and  the  surface  of  the  ground 
falls  off  toward  the  northwest  with  a  grade  of  about  1  foot  in  12  feet. 
Immediately  after  a  rain,  water  may  be  seen  oozing  out  between  the 
clay  and  shale  along  the  banks  of  the  roadway.  This  is  gradually  under- 
mining the  clay,  and  tends  to  produce  motion  of  the  surface  soil  upon  the 
underlying  stratum,  as  well  as  to  wear  away  the  surface  of  the  shale. 

All  this  goes  to  show  that  the  foundations  of  a  building  which  should 
last  forever  are  being  placed  upon  or  in  a  substance  which  is,  to 
say  the  least,  unreliable,  and  easily  disintegrated  by  the  action  of  the 
elements.  We  all  know  that  in  this  latitude  frosts  ftore  penetrated  to  a 
depth  of  fully  six  feet.    Wherever  the  frost  has  been  there  will  have  been 

*  The  pressure  upon  the  cl'iy  has  since  been  found  by  Jlr.  VV.  H.  Searles,  C.  E  .  t3  be 
11^  tons  under  inside  walls  and  6  tons  under  outside  walls  per  -quarefoot. — J.  R. 
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some  injury  to  earth  or  shale.  The  effect  of  frost  upon  shale  is  to  make- 
it  crumble  and  flake  off,  and  in  time  to  change  its  nature  and  return  it 
to  its  original  state  of  clay.  Therefore  we  should  remove  from  the  site- 
of  the  foundation  all  material  that  has  been  in  the  least  affected  by  the 
frost  or  the  elements,  and  sink  our  pit  to  a  greater  depth  than  these  have 
penetated.  In  large  buildings  it  is  usual  to  make  the  depth  of  foundation 
at  least  one-twelfth  of  tiie  height  of  the  structure  above  ground.  In 
this  case,  the  above  rule  would  necessitate  a  depth  of  18  feet  9  inches 
below  the  surface  of  solid  ground.  Let  us  see  if  these  conditions  have 
been  fulfilled. 

It  was  not,  of  course,  possible  for  me  to  dig  down  beside  the  founda-^ 
tions  at  the  time  I  visited  the  site  of  the  monument,  and  hence  I  had  to 
depend  upon  such  information  as  I  could  obtain  by  inquiry  among  those 
persons  who  were  upon  the  ground.  In  this  way  I  obtained  the  follow- 
ing statements  : 

1st.  The  foundation  when  completed  will  be  16  feet  in  the  ground. 

2d.  Fourteen  feet  of  this  ground  has  yet  to  be  hauled  to  the  site,  as  it 
will  only  be  used  for  a  terrace.  This  would  give  a  present  depth  of  two 
feet  in  solid  ground. 

3d.  The  masonry  rests  upon  the  shale,  and  hence  must  have  a  depth  of 
from  three  to  five  feet. 

Now,  if  the  foundations  were  sixteen  feet  deep  m  solid  ground  there 
could  be  nothing  said,  as  no  one  could  claim  that  it  was  not  safe.  But 
the  device  adopted  by  those  having  the  matter  in  charge  to  make  the 
public  believe  that  the  foundations  are  deep  enough,  when  in  reality  they 
far  from  fulfill  the  necessary  conditions,  is  a  very  poor  one.  and  an  engi- 
neer who  designed  a  structure  like  the  Garfield  Monument  with  the 
intention  of  placing  it  on  top  of  the  gi'ouud  and  filling  new  earth  around 
it,  as  a  substitute  for  greater  depth,  would  be  considered,  to  say  the  least, 
very  reckless.  Of  what  use  is  this  terrace  except  as  a  protection 
against  future  frosts?  And  what  need  is  there  to  protect  againsc 
future  frosts  a  soil  that  has  lain  exposed  for  centuries  to  the  action  and 
disintegrating  effects  of  former  frosts?  It  would  surely  be  easier  to  go 
deep  enough  at  the  start,  so  that  Ave  may  avoid  the  necessity  of  such 
repairs  as  were  made  at  the  Washington  monument.  And  vmless  the 
depth  of  foundation  is  greater  than  that  indicated  by  the  above,  it  can- 
not reach  the  shale.  Suppose  that  it  does  not,  then  between  masonry 
and  shale  will  be  a  layer  of  clay,  liable  to  become  saturated  with 
water,  and  to  yield  under  pressure,  like  so  much  quicksand,  and 
then  the  great  monument  will  lean,  slide  and  perhaps  fall.  But 
to  give  .them  the  benefit  of  the  doubt,  let  us  assune  that  the  masonry 
reaches  and  re.'ts  upon  the  shale.*  If  upon  the  top  of  the  shale,  it  is  on 
a  crumbling,  flaky  substance  which  will  easily  be  compressed  under  the 
weight,  causing  the  tower  to  lean,  the  walls  to  crack  and  open,  and,  if  no 
worse  results  follow,  we  shall  have  a  structure  that  will  look  unstable 
even  though  it  may  stand.  To  avoid  such  a  result,  the  pit  for  the  mason- 
ry should  at  least  pass  through  the  strata  which  may  have  been  touched 

*  By  the  statement  of  Mr.  Frank  Ford.  C.  E..  who  is  in  charg:^  of  the  monument,  there 
has  been  left  a  layer  of  cZrty  I','   to  15  inches  thi'k   butivean  the  footing-s  and  the  s/iote 
so  that  the  •'  benefit  of  the  doubt  "  will  not  be  allowed,  the  trustees.  -J.  K. 
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by  the  frost.     This  has /(of  been   done,    therefore   we  may  expect  some 
great  developments  in  the  effects  of  frost  upon  sh;ile. 

Again,  as  the  monument  is  at  the  crest  of  a  hill,  there  is  a  chance  of 
its  great  weiglit  producing  a  lateral  motion  of  the  surface  soil,  and  as  this 
is  ready  to  move  now  on  account  of  the  above-mentioned  action  of  water 
and  frost,  it  is  evident  tiiat  the  chances  are  greater  (Kjainst  the  monu- 
ment remaining  where  it  has  been  located  than  infav(n-of  it.  The  depth 
of  18  feet  S)  inches  would  have  secured  its  stability  in  that  particular,  and 
if  it  stood  in  the  valley  below  a  uiucli  less  depth  would  have  answered, 
perhaps  as  little  as  10  feet. 

The  use  of  Berea  stone  for  the  outside  face,  in  conjunction  with  a 
brick  backing,  seems  rather  strange.  It  is  well  known  tliat  this  stone, 
where  exposed  to  the  air  and  to  the  action  of  frost,  will  crumble  and 
spawl  off.  In  foundations  it  is  good  on  account  of  its  strength  and  will 
last  very  well,  as  long  as  it  remains  under  ground.  The  presence  of  iron 
in  the  stone  is  a  fault,  esj^eciallj'  in  regard  to  its  appearance.  It  gives  the 
stone  a  stained  and  unsightly  face,  which,  with  its  tendency  to  crumble, 
will  make  the  monument  a  sight  w^hich  will  excite  the  disgust,  instead  of 
the  admiration,  of  future  ages.  The  following  table,  showing  the  com- 
parative resistance  of  various  building  stones  to  the  action  of  frost,  is 
taken  from  Van  Nostrand's  Magazine,  June,  1876,  from  an  article  on  the 
••  decav  of  building  stones."  The  specimens  were  exposed  for  14  days  to 
the  effects  of  freezing  and  thawing  alternately. 

Relative  resistance 
Name  of  Stone.  to  the  action 

of  frost. 

Trenton  limestone,  New  York "  1.0000 

Onondaga        ''  "  0  7878 

Dayton  ''  Ohio  0.8778 

Columbian  marble,  Vermont 0.7079 

Red  granite 0.5873 

Gray  granite,  Barre,  Mass 0.4193 

Keene,  N.  H 0.3276 

Fox  Island  granite,  Maine 0.2389 

Indiana  sandstone 0.3517 

New  Jersey     "        0.3139 

Potsdam  "        New  York 0.3001 

Berea  "        Ohio 0.2526 

This  shows  that  Berea  sandstone  is  not  very  good  for  the  purpose  for 
which  it  is  to  be  used.  The  question  will  naturally  arise,  why  did  not 
the  trustees  keep  to  the  design  of  a  granite  monument  ?  I  am  inclined 
to  believe  that  they  wished  to  obtain  a  greater  height  for  the  same  money 
—that  is,  were  influenced  by  the  relative  cost.  But  they  should  have 
remembered  that  it  was  the  qualify,  not  the  quantity,  of  work  that  ought 
to  have  been  required. 

As  to  the  artistic  effects,  I  do  not  feel  competent  to  enter  into  a  dis- 
cussion. I  leave  them  for  the  artists  and  architects  of  tlie  world  to  criti- 
cise, and  will  merely  state  that  the  resemblance  of  the  monument  to  a 
lighthouse  has  been  always  present  in  my  mind.  And  will  future  gen- 
erations admire  the  monument  to  our  honored  president,  or  will  they 
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gaze  in  pity  and  disgust  upon  a  moss-grown,  crumbling  ruin,  a  second 
leaning  tower,  a  monument  to  the  conceit  of  those  jiractical  men  who 
think  that  all  knowledge,  except  their  own,  is  theoretical,  and  therefore 

useless  ? 


ABSTRACT   OF   DISCUSSIO>\    APRIL    13  AND  27   AND  MAY   11. 

April  13. — Mr.  Ritohie  said  that  the  thickness  of  clay  covei'ing  the 
shale  was  from  3  to  5  feet. 

Mr.  Searles  then  said  that  these  figures  correspended  with  his  observa- 
tions. The  clay  on  the  sui  face  was  originally  shale,  which  has  become 
disintegrated  by  the  action  of  frost,  heat  and  moisture,  as  the  surface 
became  eroded  and  the  undprlying  shale  was  more  and  more  exposed  to 
the  action  of  frost.  He  had  watched  this  process  going  on  for  twenty 
years.  He  found  that  from  6  to  8  inches  had  crumbled  or  been  washed 
away  by  storms  in  this  time.  Unless  the  monument  succumbs  to  the 
action  of  the  elements,  it  will  be  left  after  a  time  on  a  pinnacle  by 
itself. 

Mr.  Eisenmann  said  that  between  the  red  clay  on  top  and  Ihe  yellow 
clay  there  was  a  layer  of  disintegrated  shale.  He  also  said  that,  in  re- 
gard to  depth  of  frost,  he  had  found  frost  7  feet  down  in  shale,  at  the 
boiler  room  foundations  of  Case  School. 

Mr.  Rosenberg  said  :  Of  late  we  have  observed  that  some  of  our  fore- 
most buildings  are  deteriorating.  It  is  not  enough  to  produce  the 
highest  structures  in  order  to  outdo  Europe  ;  it  is  also  necessary  to  build 
them  upon  a  lasting  foundation  and  to  make  them  secure  above  the 
foundation.  I  refer  to  the  Washington  Monument,  to  the  Capitol  at 
Hartford,  the  Capitol  at  Albany,  the  new  city  buildings  of  Philadelphia, 
to  the  Cook  County  Court  House  in  Chicago.  In  regard  to  the  latter  Mr. 
Barbot  said  to  me  that  in  a  panel  between  two  windows,  for  a  height  of 
5  stories,  he  counted  74  cracks,  each  of  which  was  large  enough  to  admit 
a  finger.  Tne  construction  of  all  these  buildings  is  lacking  in  security. 
I  would  refer  to  some  of  the  works  of  >?anso  Vino  and  his  contempo- 
raries in  Italy.  We  find  that  buildings  that  have  their  foundations  under 
the  bottom  of  the  river,  each  in  its  thickness  sufficient  to  carry  3  and 
4  times  the  thickness  of  the  wall  above,  ai'e  clamped  in  the  bonds  with 
lead-covered  iron  clamps,  and  the  joints  above  ground  are  raked  out  to 
the  depth  of  several  inches  and  filled  in  with  lead.  This  is  doweled  into 
the  back  mortar  and  tinned  on  the  face.  Dimensions  of  the  stones  thus 
bonded  are  often  24  feet  long  by  4  feet  high  and  through  stones. 

April  27. — After  some  routine  business  had  been  transacted,  the  Presi- 
dent stated  th  it  the  meeting  had  been  called  t  >  continue  the  discussion 
of  the  Gxrfield  Monument,  and  added  :  This  is  a  matter  in  which  not 
only  every  m  in  in  Cleveland,  but  every  citizen  of  the  United  States, 
should  take  an  interest.  We  cannot  hesitate  to  speak  an  opinion  vipon 
any  point  touching  it.  No  man  can  be  offended  by  the  statement  of  a 
fact.  Upon  some  points  Mr.  Ritchie  said  he  was  not  certain  ;  these  we 
must  take  as  apochryphal.  His  criticisms  must  lead  to  a  very  close  inves- 
tigation. We  have  gentlemen  with  us  who  can  fill  up  the  doubtful  points 
left  by  Mr.  Ritchie,  and  can  tell  us  something  about  the  foundations 
which  he  could  not  see.  It  is  a  free  question,  and  we  court  fair  discus- 
sion. 
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Mr.  Ritcliio  then  said:  Some  of  1113-  iuformation  was  obtaiucd  by 
actual  observation,  the  rest  by  inquiry  at  the  site  and  of  those  who  had 
visited  it.  There  were  several  contradictory  statements  as  to  the  depth 
of  foundation  and  the  nature  of  the  bottom.  One  gentleman  visited  the 
site  when  the  i)it  had  been  excavated  and  the  bottom  leveled  and  the 
derrick  set  in  j)osition.  He  asserts  positively  that  the  bottom  was  clay, 
tlie  depth  on  the  hij^hest  side  was  '2i  feet  and  on  tlie  lowest  side  li  feet; 
Otliers  asserted  that  the  masonry  rested  on  the  shale.  One  man  told  me 
the  masonry  would  extend  Ifi  feet  into  the  ground,  but  al:-o  stiited  that 
14  of  the  IG  feet  would  have  to  be  brought  to  tlie  monument  and  piled  up 
against  it.  Mr.  Ritchie  then  drew  a  sketch  of  the  site,  showing  the  pro- 
file of  ground  on  centre  line  of  structure.  He  said  the  depth  of  clay  is 
from  3  to  5  feet  and  the  dip  is  about  10  degrees  towards  the  southeat-t. 

Mr.  Force  then  requested  Mr.  Frank  Ford,  engineer  in  charge  of  the 
monument,  to  make  some  statements.  Mr.  Ford  said  that  he  had  sup- 
posed he  knew  a  good  de.il  about  the  sul)ject,  but  that  he  had  received 
much  information  that  was  new  to  him  ;  that  the  statements  of  Mr. 
Ritchie  were  nearlj'  all  erroneous  ;  that  if  any  questions  within  a  certain 
scope  were  asked  him,  he  would  answer  them.  In  reply  to  a  question  be 
then  stated  that  the  west  part  of  the  building  was  on  shale  and  the  east 
part  on  clay.  Mr.  Ford  said  in  response  to  a  resolution  requesting  those 
present  to  make  statements  of  all  facts  bearing  on  the  subject  :  With 
regard  to  the  foundation,  I  had  nothing  to  do  with  the  work  till 
after  its  location,  when  I  was  asked  by  the  trustees  to  give  my 
opinion.  Excavations  liad  been  partially  made.  I  advised  them  to  put 
their  foundations  two  feet  deeper.  I  then  had  a  man  go  over  the  ground 
with  me  with  a  pick  and  shovel.  From  actual  examination  of  the  clay- 
cutting  I  afccertained  the  solidity  and  the  pitch,  arid  gatisficd  myself  that 
we  should  get  as  good  a  foundation  there  as  anywhere,  and  I  told  Mr. 
Wade  so.  Major  0%'erm  in  also  went  over  the  ground,  and  came  to  the 
same  conclusion.  We  were  satisfied  that  it  was  capable  of  bearing  the 
U'eigJit  (if  the  structure.  The  excavation  for  roadway  is  a  benefit  instead 
of  being  an  injury,  as  it  turns  away  the  water  and  keeps  the  foundation 
dry. 

Mr.  Morse  asked  :  What  is  the  pressure  upon  the  clay  per  square  foot  ? 
Mr.  Ford  replied  that  that  question  had  been  settled  to  the  satisfaction  of 
the  architect.  He  had  nothing  to  d  >  with  it.  The  depth  to  which  the  foun- 
dation was  dug  was  also  settled  by  the  architect,  but  he  had  suggested  it 
be  put  down  two  feet  deeper.  He  did  not  wish  to  criticise  the  plan  of  con- 
struction. Berea  stone  was  selected  for  reasons  best  known  to  the  trust- 
ees. He  would  have  preferred  granite,  but  the  expense  was  too  great. 
Berea  stone  had  been  used  for  a  long  time  and  was  not  an  experiment. 
As  far  as  work  done  under  his  direction  was  concerned,  he  had  nothing 
to  say.  There  was  a  statute  allowing  a  man  to  refuse  to  answer 
questions  that  might  criminate  him.  In  reply  to  questions  by  Mr.  Lainan, 
Mr  Ford  St  ited  that  none  of  the  tower  foundations  prop' r  stood  upon 
shale.  The  shale  was  under  a  part  of  the  outside  tower.  There  was  less 
than  one-third  upon  shale.  There  were  two  footing  courses.  8  and  9  feet 
wide  respectivelj'. 

Mr.  Searles  then  stated  that  from  his  own  observations  he   had    made 
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some  calculations,  and  he  drew  a  sketch  of  the  tower  and  adjoining 
vestibule.  He  stated  that  the  tower  is  double,  one  within  another.  The 
main  height  and  greater  weight  are  with  the  inner  tower.  The  inner  and 
outer  towers  are  connected  by  floors  and  arches.  At  the  base  is  the 
crypt  for  receiving  the  remains.  Tliis  is  surmounted  by  anarch  or  dome. 
The  tower  is  octagonal  at  the  bottom  and  round  at  the  top,  and  is  sup- 
ported by  eight  piers. 

Mr.  Ford  then  said  :  The  weight  cannot  be  separated  between  this  inner 
and  outer  circle,  bec^ause  they  are  connected  by  arches  and  doorways, 
and  by  other  means  by  which  the  weight  is  partially  borne.  There  are  8 
piers  built  to  correspond  with  the  octagonal  shape  of  the  inner  wall. 
The  foundations  project  a  foot  on  each  side  of  walls.  The  outer  tower, 
as  well  as  the  inner,  may  be  considered  as  composed  of  columns. 

Mr.  Searles  :  I  would  like  to  ask  Mr.  Ford  if  the  outer  wall  founda- 
tion course  is  a  continuous  course  of  stone. 

Mr.  Ford  :  There  are  two  continuous  footing  courses  under  the  outer 
wall  and  one  stone  makes  the  width.  The  annular  space  between  the 
inner  and  outer  towers  forms  a  walk  all  around  nearly  at  the  level  of 
the  foundations.  About  the  level  of  the  water  table  there  is  an  arch,  and 
there  are  other  arches  at  intervals. 

Mr.  Force  :  Are  the  footing  courses  of  the  inner  and  outer  walls 
independent? 

Mr.  Ford  :    They  are  independent. 

Mr.  Force,  after  making  a  few  calculations,  said  :  If  the  inner  walls 
have  about  the  same  load  as  the  outer,  the  pressure  per  square  foot  on 
the  clay  would  be  nine  and  three-tenths  tons. 

Mr.  Searles  :  It  would  be  a  very  simple  matter  to  calculate  it,  if  the 
walls  were  solid,  but  they  are  full  of  openings.  Then  we  have  the  dif- 
ferent floors  and  these  may  have  different  weights.  At  the  foundation, 
we  have  the  outer  wall  footings,  a  circular  ring  nine  feet  wide  on  the 
clay,  and  inside  the  eight  piers  containing  fifty  square  feet  each  on  the 
clay.  The  diameter  of  the  inner  octagon  is  thirty-six  feet  ;  of  outer, 
sixty  feet.  The  cutting  for  the  roadway  shows  the  character  of  clay 
and  shale.  Thei-e  is  no  clear  line  of  demarcation  between  them.  While 
the  clay  is  thoroughly  apparent  and  the  shale  thorougly  stratified,  there  is 
an  intermediate  stratum,  showing  that  the  process  of  decay  which  I  alluded 
to  at  our  last  meeting,  is  still  going  on.  and  that  the  clay  was  originally 
shale.  I  found  red  clay  on  toj)  entirely  different  from  the  lower  strata. 
The  shale  is  what  is  called  black  shale. 

Mr.  Morse  :  We  must  know  exactly  what  the  pressure  per  square  foot 
is  on  the  clay. 

Mr.  Ritchie  :  Mr.  Force  has  figured  that  it  was  a  little  over  nine  tons. 
The  W^ashington  Monument  was  considered  unsafe  with  a  pressure  of 
five  and  six-tenths  tons  per  square  foot,  but  the  clay  under  the  Garfield 
Monument  is  much  stronger  than  the  soil  under  the  Washington. 

Mr.  Force  :  The  pressure  now  is  about  three  and  one-half  tons  per 
square  foot  for  the  Wasliington  Monument,  as  discussed  at  the  conven- 
tion of  the  civil  engineers.  The  repairs  and  improvements  have  decreased 
the  pree.sure  per  square  foot. 

Mr.  Searles  asked  ftlr.  Ford  what  depth  of  clay  remained  between  the 
lovver  footing  course  and  the  shale. 
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Mr.  Ford  :  In  digging  down  for  the  foundation?,  one  corner  struck 
•shale.     I  have  forgotten  the  depth. 

Mr.  Force  :  I  am  free  to  sa}-  tliat  the  clay  is  overloaded.  It  must  be 
lietter  than  any  clay  I  ever  saw  if  it  stands  Oi  tons.  I  should  not  expect 
to  see  it  stand  more  than  four  and  one-half  tons. 

Mr.  Mordecai :  What  is  the  load  on  the  viaduct  draw  foundation? 

Mr.  Morse  :  About  5^  tons  per  foot. 

Mr.  Force  :  On  ordinary  sand  li  tons  per  foot  is  load  enough,  and  too 
mucli  for  some  gravels.  On  tlie  central  viaduct  now  started  we  are 
loading  half  a  ton  to  the  foot  on  smaller  piers,  and  load  on  foundations 
will  not  exceed  one  ton  per  foot.  In  the  case  under  discussion  4J  tons  is 
ioad  enough. 

Mr.  Searles  :  At  the  Plattsmouth  bridge  the  span  is  over  400  feet.  The 
piers  are  on  clay  just  below  the  river  bottom,  which  is  shifting  sand. 

Mr.  John  Walker  :  The  foundations  have  been  shown  to  be  independ- 
ent in  the  two  towei-s.  This  alone  should  condemn  it.  I  should  pu^ 
the  base  on  one  solid  foundation.  In  this  case  there  may  be  uneven 
settlement. 

Mr.  Force  :  The  abutment  at  the  south  end  of  the  Kingsbury  Run  via- 
duct has  a  load  of  li  tons  per  foot,  and  has  settled  about  one-quarter  of 
an  inch.  1  would  not  load  its  base  with  more  than  two  tons  to  the  foot. 
It  is  not  as  stifif  clay  as  what  the  monument  stands  on,  however. 

Mr.  Ritchie  then  called  attention  to  the  tower  of  the  Cleveland  Water 
Company  at  East  Cleveland,  and  requested  some  figures  as  to  its  founda- 
tion. 

Supt.  Whitelaw  and  Architect  Bate  gave  the  height  as  236  feet  ;  depth 
of  foundation,  11  feet,  of  which  7  feet  was  excavated  out  of  shale. 
Weight  on  foundation  per  squire  foot  is  about  three  tons.  No  settlement 
shown  as  yet. 

Mr.  Holloway :  The  amount  of  weight  a  structure  will  carry  depends 
upon  how  it  is  balanced.  The  foundations  of  any  structure  are  influ- 
enced by  the  surroundings.  If  they  are  laid  so  as  to  prevent  any  dis- 
placement, the}'  may  be  secure.  If  the  material  cannot  get  away  in  any 
direction,  it  can  be  compressed  very  much.  A  hard,  compact  matei'ial 
may  carry  a  heavy  load.  Mr.  Ford  says  there  is  an  additional  wall  to 
hold  that  clay  in. 

Mr.  Ford  :  The  shale  in  that  hill  is  60  or  TO  feet  thick.  It  is  equivalent 
to  solid  granite. 

Mr.  Whitelaw  :  The  criticisms  have  been  that  part  of  the  structure 
Tests  on  clay  of  unequal  thickness. 

Mr.  Ford  :  The  slope  of  the  shale  is  about  one  in  seventy. 

Mr.  Wliitelaw  :  That  would  make  the  thickness  about  six  inches  more 
on  one  side  than  on  the  otlier. 

Mr.  Ford  :  The  tower  foundation  is  all  on  the  clay. 

^Ir.  Whitelaw  :  It  is  a  good  practice  to  rest  the  whole  structure  on  the 
same  material  if  possible. 

Mr.  Latimer  then  requested  Mr.  Ritchie  to  show  the  table  of  the  relative 
resistance  of  stones  to  frost  given  by  him  at  the  piecedirg  meeting. 

Mr.  Ritchie  then  recapitulated  briefly  his  statements  with  reference  to 
the  relative  resistance  of  various  stones  to  frost.      In  reply  to  Mr.   Lati- 
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mer's  question,  why  he  did  not  give  all  the  stones  mentioned  in  Brand's- 
frost  test,  he  said  that  he  had  given  several  specimens  of  each.  He  had 
taken  Trenton  limestone  as  the  standard.  He  considered  Fox  Island 
granite  the  worst  of  the  granites.  He  had  given  four  specimens  of 
sandstone.  He  had  nothing  to  say  against  Berea  sandstone  as  sandstone. 
In  its  proper  place  it  was  very  good  stone  ;  but,  in  the  Garfield  monu- 
ment, or  any  monument  intended  to  last  a  long  time,  it  was  out  of  place. 
We  could  see  by  inspecting  the  Cleveland  viaduct  that  it  was  wearing  away. 
The  use  of  Berea  sandstone  in  the  monument  was  a  mistake,  because  it 
had  not  been  used  long  enough  for  people  to  be  certain  whether  it 
would  stand  the  test  of  the  climate.  He  did  not  think  the  evidence 
went  to  show  that  it  would  stand. 

Mr.  Latimer  then  read  a  paper  handed  in  by  Mr.  Cooper,  of  Berea,  ^vith 
reference  to  the  enduring  qualities  of  various  stones.  Mr.  Cooper  said  he 
had  taken  it  from  Seward's  "  Trip  Around  the  World." 

Mr.  Latimer:  Sandstone  is  considered  by  engineers  and  architects  to  be 
one  of  the  best  building  stones.  Nelson's  monument  was  built  of  it. 
With  few  exceptions,  the  temples  of  Thebes  are  built  of  sandstone.  St. 
Paul's  Cathedral,  in  London,  built  by  Sir  Christopher  Wren,  was  of  ooli-^ 
tic  limestone.  The  stone  was  quarried  and  exposed  on  the  sea  beach 
for  three  years  before  it  was  used.  It  is  the  only  stone  not  affected  by 
smoke  in  London. 

Mr.  Whitelaw:  Any  one  who  looks  at  the  tombstones  in  the  Erie  street 
cemetery  will  find  that  the  inscriptions  on  many  of  them  are  entirely 
obliterated. 

Mr.  John  Walker  :  You  can  read  epitaphs  on  gravestones  hundreds  of 
years  old  in  England.     The  difference  of  climate  has  all  to  do  with  it. 

A  member  stated  that  one  of  the  sandstone  towers  of  the  cathedral  at 
Cologne  crumbled  and  had  to  be  replaced. 

Mr.  Barber  :  Some  of  the  top  layers  in  the  quarries  at  Berea  are  unfit 
for  buildings  exposed  to  the  weather.  I  understand  that  within  the  last 
few  years  a  layer  or  stratum  of  different  quality  has  been  reached, 
known  as  the  10-foot  stratvim.  I  am  told  that  this  is  to  be  used  in  the 
monument.  It  is  superior,  both  from  the  absence  of  sulphur  and  the 
absence  of  iron.  I  think  the  enduring  qualities  depend  more  upon  the 
lithological  than  the  geological  character. 

Mr.  Latimer  :  Magnesian  limestone  does  not  last  in  London,  but  does 
well  as  building  stone  in  the  country. 

Mr.  Force  :  Red  sandstone  in  New  Jersey  is  affected  by  absorbing 
another  part  of  oxygen  ;  one  layer  is  such  that  it  does  not  take  any  more 
oxygen,  another  layer  absorbs  an  additional  part.  The  stone  for  some  of 
the  bridges  has  been  raken  from  the  best  parts  of  the  quany. 

Mr.  Morse  :  I  have  been  through  the  Berea  quarries,  and  I  have  seen 
some  good  building  stone  got  from  this  10-foot  sheet.  In  taking  a  large 
amount,  there  would  be  occasional  poor  stone.  On  the  Columbus  road 
there  is  an  arched  viaduct.  About  twenty  years  ago  I  noticed  that  the 
stones  on  the  north  side  were  discolored — stained  with  iron  which  had 
come  out  of  the  stone.  The  viaduct  had  been  up  twelve  years.  That  iron 
is  now  washed  away,  and  the  stone  appears  more  of  a  uniform  color,  and 
apparently  has  not  disintegrated.  I  think  the  iron  will  work  itself  out 
after  a  time. 
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Mr.  Searles  exhibited  a  diagram  representing  the  sandstone  and  brick 
of  which  the  monument  is  composed — a  stone  facing  with  brick  back- 
ing. The  wall  is  about  seven  feet  thick  and  less  as  you  go  up.  The 
stone  is  from  eight  to  twelve  inches  deep,  a  veneer  as  if  to  protect  the 
brick  from  the  weather.  To  prevent  the  separation  of  the  brick  and 
stone  tliere  are  iron  clamps  of  a  Z  shape.  Whatever  stability  there  is  in 
the  wall  is  due  to  the  brick.  Tlie  weight  is  sustained  by  it.  The  brick 
is  of  an  ordinary  good  (juality.  The  stone  appears  to  be  ornamentaL 
The  cement  used  is  Louisville  cement. 

Mr.  Morse  :  Tlie  brickwork  will  settle  more  than  the  stone  in  ordinary 
buildings. 

Mr.  Force  :  The  Washington  Monument  is  veneered  with  marl)le ; 
marble  on  the  outside  and  stone  on  the  inside. 

Mr.  Searles  :  The  lower  courses  were  supplied  with  one  stone  from  each 
State. 

Mr.  Mordecai  :  The  upper  courses  are  solid  stone. 

Mr.  Latimer  :  There  was  a  stone  sent  from  each  nation  of  the  world. 

May  11. — After  some  routine  business  Mr.  Latimer  said  :  Mr.  Kellar, 
the  architect  of  the  monument,  was  here  the  other  day,  and  I  had  some 
conversation  with  him  upon  this  subject.  He  said  he  wovdd  be  glad  to 
write  me  a  letter  with  regard  to  it.  I  received  the  letter  to-day  and  wdl 
now  read  it  to  the  club. 

LETTER  FROM  THE  ARCHITECT. 

Mr.    Charles    Latimer,    President  of  ihi  Society  of  Engineers,    Cleve- 
land, O.  : 

Dear  Sra  :  Accoi-ding  to  your  request,  I  send  von  the  following  facts 
and  figures  relating  to  the  foundation  of  the  Garfield  Monument  for  the 
information  of  your  Society.  The  original  drawing  contemplated  that 
the  footings  should  go  down  to  the  shale.  While  I  was  in  Cleveland 
procuring  proposals  for  the  work,  Mr.  Linas,  a  well-known  builder  of 
Cleveland  and  one  of  those  invited  to  bid  on  the  work,  told  me  that  he 
had  been  to  the  site  and  inspected  the  ground,  and  found  that  it  would  be 
necessary  to  go  down  eighteen  inches  lower  than  my  drawings  indicated 
in  order  to  build  on  the  shale.  I  accordingly  altered  the  specification  so 
as  to  read  :  "  Excavate  for  the  foundation  of  monument  two  feet  lower 
than  is  shown  on  drawing  No.  2."  Last  November  I  was  called  to  Cleve- 
land in  regard  to  the  foundations,  as  there  had  been  some  criticism  on 
them,  and  on  my  return  to  Hartford  made  the  following  memorandum  : 

Hartford,  Nov.  20,  188."). 

Before  making  the  working  drawings  for  the  Garfield  monument,  I 
went  out  and  surveyed  the  site,  and  examined  it  carefully  in  order  ta 
decide  the  probable  dei)th  necessary  for  the  foundation.  I  observed 
from  the  road  cuttings  on  each  side  that  the  site  was  of  a  soapstone 
shale  character  throughout,  which  seemed  to  reach  almost  to  the  surface 
of  the  ground.  I  also  noticed  that  this  shale  or  rock  was  jrerfectly  level 
to  all  appearances  in  its  stratification,  and  that  the  ground  was  high  and 
well  drained  on  all  sides.  I  also  conversed  with  Mr.  Liuiis.  an  t-xperi- 
enced  builder,  who  expressed  it  as  his  opinion  that  every  foot  we  put 
the  foundation  below  the  top  of  the  shale  was  so  much  money  wasted. 
When  procuring  estimates  for  the  work,  1  visited  the  quarries  at  Berea^ 
Ohio,  and  observed  several  good-sized  houses  standing  directly  over 
similar  foundations  of  soajjstone  rock  and  shale.  I  still  further  discussed 
the  depth  of  the  footings  of  the  monument  with  the  prominent  builders- 
in  Cleveland,  who  all  assured  me  from  their  experience  and  knowledge 
of  the  site  that  1  had  provided  abundant  foundation  for  the  monument. 
After  the  contract  was  awarded,  I  wrote  to  Mr.  Simmons,  the  masoti 
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liavino^  the  contract  for  the  work,  that  if  there  was  any  doubt  in  the  minds 
of  the  committee  or  himself  as  to  the  foundation,  that  I  would  start 
immediately  for  Cleveland  to  still  further  consider  the  matter.  Mr. 
Simmons,  in  his  reply,  said  that  they  had  gone  down  some  three  feet  deeper 
.than  the  drawings  showed,  and  had  reached  a  very  hard  clay  which  he 
considered  suitable  and  that  Mr.  Wade  had  had  experienced  engineers 
to  examine  the  site  before  any  stones  were  laid  and  they  united  in  the 
same  opinion.  After  the  foundation  walls  were  up  about  six  feet  all 
around,  I  went  to  Cleveland  and  saw  the  excavation  for  foundation  bed 
where  stone  was  not  laid,  and  am  decidedly  of  the  opinion  that  the  monu- 
ment will  suffer  no  damage  from  its  foundations  not  being  deep 
or  broad  enough  The  ground  is  high  and  well  drained .  The  footings 
are  a  continuous  ring  and  not  isolated  piers,  so  that  the  weight  is  dis- 
tributed uniformly.  Calculating  the  Berea  stone  at  134  pounds  per  cubic 
foot  and  the  brickwork  of  backing  at  112  pounds,  there  is  about  9,000 
pounds  to  each  superficial  foot  in  footings  under  outer  wall.  Major  Over- 
man, United  States  Engineers,  and  Mr.  F.  Ford,  civil  engineer,  before  the 
work  had  fati'ly  begun  visited  the  site  at  the  request  ot  Mr.  Wade,  the 
chairman,  and  insnected  the  foundation  bed.  Both  of  these  experts  pro- 
nounced it  in  every  way  sufficient  to  receive  the  walls  of  the  tower.  This 
<;onclusion  they  arrived  at  separately,  independently,  without  knowledge 
of  each  other's  opinion.  Mr.  Simmons,  and  all  whom  I  have  consulted, 
men  of  experience,  agree  that  the  foundrition  is  ample  and  suitable. 

The  above  memorandum  was  written  last  November,  and  nothing  has 
occurred  since  to  charge  my  opinion.  The  inner  wall  of  the  tower, 
which  is  concentric  with  the  outer  wall,  is  pierced  with  numerous  open- 
ings, and  the  footings  under  it  have  less  weight  to  sustain  per  superficial 
foot  than  the  outer  w  all.  In  the  paper  read  before  your  Society  there 
were  several  misstatements. 

First.  One  end  of  the  tower  does  not  rest  on  shale  and  the  other  rest  on 
clay. 

Second.  The  shale  does  not  pilch  to  the  east  at  an  angle  of  ten  degrees, 
but  is  very  nearly  level,  pitching  not  more  than  one  degree  to  the  east,  if 
at  all. 

Third.  The  slope  of  the  ground  covered  by  the  monument  from  the 
■east  to  west  is  but  one  foot  instead  of  six  or  seven. 

Fourth.  It  is  absurd  to  say  that  the  water  runs  up  the  surface  of  the 
shale  and  trickles  down  at  the  west  of  the  monument,  for  the  shale 
.pitches  from  west  to  east.  George  Keller. 

Mr.  Ritchie  :  In  that  letter  does  Mr.  Keller  mention  the  dip  of  the 
-strata  or  the  slope  of  the  surface  ? 

Mr.  Latimer  :  He  says  the  shale  does  not  pitch  to  the  east  at  an  angle 
of  10  degrees,  but  it  is  very  nearly  level,  pitching  not  more  than  one 
•degree,  if  at  all.  The  slope  of  the  ground  covered  by  the  monument  from 
east  to  west  is  but  one  foot  instead  of  six  or  seven. 

Mr.  Ritchie  :  The  monument  stands  on  the  crest  of  a  hill.  I  said  in 
my  pajjer  that  the  surface  of  the  ground  falls  off  to  the  northwest,  with 
a  grade  about  one  foot  in  twelve,  and  although  the  monument  stands  en 
the  crest  of  a  hill,  it  is  but  a  short  distance  from  the  edge.  The  dip  of  the 
strata  is  toward  the  southeast,  and  I  am  certain  it  is  not  less  than  10 
•degrees. 

Mr.  Rice  :  It  is  probable  that  if  the  club  discuss  this  on  the  facts  pre- 
sented by  the  architect,  those  facts  might  be  contradicted.  It  might  be 
well  to  get  an  official  statement.  Mr.  Rice  then  presented  the  following 
resolution  : 

Whereas,  The  discussion  of  the  Garfield  Monument  has,  to  our  regret, 
been  construed  as  influenced  by  personal  motives,  and  in  justice  to  the 
grave  public  interests,  tiusts  and  professional  opinions  involved. 
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Resolred,  lliat  this  C'lul-,  through  its  President,  appoint  an  expert  com- 
mittee of  five  nieinl  ers,  wlio  shall  retjuest  the  trustees  of  the  Garfield 
^Monument  to  atford  access  to  all  plans,  specifications,  details,  and  every 
other  information  for  their  use,  and  to  give  the  committee  every  facility 
for  making  a  thorough  examination  of  all  the  engineering  questions 
involved  ;  said  committee  to  report  to  the  Club  its  findings  at  the 
earliest  possible  date. 

Mr.  Searles  :  There  has  been  a  good  deal  of  discussion  to  the  square 
foot,  considering  the  size  of  the  monument.  It  was  remarked  some  time 
ago  that  it  would  be  well  to  get  at  the  real  facts  from  those  in  authority. 
The  engineer  of  the  monument  was  present  at  the  last  meeting  by  invi- 
tation, and  made  various  statements.  Since  that  the  architect  has  been 
in  the  city  and  lias  made  statements.  I  have  figured  out  for  myself 
about  the  real  condition  of  the  case.  This  document  just  read  again 
throws  some  haze  upon  the  subject,  as  it  contradicts  former  information 
from  the  writer  and  also  information  from  the  engineer.  Therefore  I 
am  inclined  to  favor  this  motion.  In  my  investigation  I  have  taken 
pains  to  throw  out  the  information  given  by  Mr.  Ritchie,  and  have 
adopted  only  that  obtained  direct  from  Mr.  Ford  or  Mr.  Keller.  A  brief 
resume  will  be  in  place  here. 

Since  the  charge  has  been  made  in  the  public  press  that  some  who  have 
been  misled  by  known  falsehoods  call  the  foundation  of  the  Garfield 
monument  unsafe,  and  since  this  charge  is  a  reflection  on  the  members 
of  this  club,  who  have  been  earnestly  discussing  the  structure,  it  may  be 
well  to  investigate  this  structure  in  the  light  of  the  Tcnoivn  facts  as  fur- 
nished us  by  the  engineer  and  the  architect  of  the  monument.  From 
these  sources  we  are  informed  that  the  pit  dug  in  the  clay  under  the 
masonry  and  above  the  shale  is  about  twelve  inches  on  one  side  of  the 
tower  and  about  15  inches  on  the  other,  the  difference  being  due  to  the 
dip  of  the  shale.  The  monument  consists  of  an  outer  tower  inclosing  an 
inner  shaft.  These  are  connected  at  different  levels  by  floors  supported  on 
brick  arches.  The  tower  is  of  brick,  faced  with  Berea  sandstone  ;  the 
latter  from  8  inches  to  12  inches  thick.  The  height  of  the  monument  is 
238  feet  to  the  top  of  the  finial.  The  shaft  is  about  20  feet  higher  than  the 
tower  walls,  projecting  above  the  roof  that  covers  the  latter.  The  tower 
rests  on  a  circular  footing  course  of  9  feet  wide.  The  shaft  rests  on  eight 
distinct  pedestals  7  by  7  each,  and  tliese  are  n")t  connected  in  any  way 
with  the  tower  footing. 

The  clay  on  which  the  masonry  rests  is  common  yellow  claj'  of 
this  vicinity  which  overlies  the  shale.  In  a  state  of  nature,  water 
exudes  from  the  shale,  but  this  is  believed  to  be  cut  off  from  the 
foundation  by  an  excavation  made  for  a  roadway  enirely  around 
the  structure.  Now,  taking  the  above  data  just  as  furnished  u^,  it  is  easy 
to  approximate  the  weight  of  the  structure  and  the  weight  per  square 
foot  on  the  clay.  We  thus  find  that  the  tower  pressure  is  6  tons  per 
square  foot  on  the  clay,  while  the  pressure  of  the  shaft  is  no  less  than 
eleven  and  three-eighths  tons  per  square  foot  on  the  clay.  Let  us  see 
how  this  agrees  with  the  weight  given  by  the  engineer.  The  total 
weight  as  foun<l  above  is  9,579.6  tons  for  the  tower,  and  4,547.4  tons  for 
the  shaft,  making  a  total  of  14  127  tons,  or  an  average  of  7.07  tons  per 
square  foot  of  the  entire  foundation. 
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Now  the  engineer  says  that  the  alleged  estimate  of  nine  and  a  half  tons 
per  square  foot  was  "  over  two  tons  too  much,"  which  confirms  this  esti- 
mate of  7.07  tons.  But  the  real  distribution  of  weight  is  even  more  un- 
fortunate than  shown  above,  for  we  have  assumed  that  the  floor  weights 
are  evenly  divided  between  the  shaft  and  tower,  whereas,  by  the  form  of 
construction,  the  shaft  must  carry  89  i)er  cent,  of  the  entire  floor  weight 
and  the  entire  tower  wall  only  11  per  cent.  Making  this  correction,  we 
find  the  pressure  imder  the  shaft  to  be  over  13  tons  per  square  foot,  which 
is  four  times  the  safe  limit  on  such  material.  Prof.  Rankine  places  the 
limit  at  1.75  tons.  Geo.  S.  Morison,  at  the  Bismarck  Bridge,  where 
the  clay  was  stratified  and  exceptionally  hard  and  impervious  to 
water,  allowed  a  pressure  under  one  pier  of  2.84  tons  per  square  foot 
and  under  another  of  8.92  tons  per  square  foot.  That  clay  was  so 
compact  that  a  pick  could  not  be  struck  into  it  more  than  an  inch  deep. 
The  clay  under  the  monument  is  not  stratified,  but  plastic  ;  the  archi- 
tect characterizes  it  as  "/o»y/i."  The  probable  result  will  be  that  the 
tower  will  settle  so  as  to  develop  cracks  where  it  joins  the  building  con- 
nected with  it,  while  the  shaft  loaded  to  twice  the  weight  per  square 
foot  will  settle  twice  as  much  as  the  tower,  which  will  produce  cracks  in 
all  the  floors  and  ai'ches  between  the  two.  These  cracks  will  probably 
show  the  first  year  after  construction,  and  go  on  increasing  an  indefinite 
period. 

Mr.  Mordecai  :  It  seems  to  me  that  any  investigation  of  the  safety  of 
that  monument  should  come  from  the  trustees.  What  necessity  have 
we,  as  a  society,  to  investigate  it  ? 

Mr.  Walker  :  You  all  remember  that  the  engineer  told  us  that  the  in- 
ner tower  was  supported  on  independent  piers.  I  think  that  calls  for 
investigation. 

Mr.  Mordecai  :  I  think  that  entirely  rests  with  the  trustees.  I  cannot 
see  how  this  club  has  any  right  to  investigate.  I  should  consider  it,  if  I 
were  in  charge,  a  very  great  impertinence. 

Mr.  Searles  :  Mr.  Wade  having  referred  to  the  discharged  parties  is  a 
reflection  upon  the  members  of  the  club,  implying  that  we  have  been  dis- 
cussing known  falsehoods.  We  therefore  request  the  privilege  of  discuss- 
ing hard  facts, 

Mr.  Rice :  We  take  simply  this  position.  They  say  we  have  not  dis- 
cussed on  official  facts.     We  say,  then,  afford  us  official  facts. 

Mr.  Mordecai :  It  would  be  better  to  write  to  Mr.  Wade  and  ask  him  to 
give  us  the  facts.  A  vote  was  then  taken  upon  the  resolution  presented 
by  Mr.  Rice,  and  it  was  declared  carried.  Mr.  Mordecai  then  asked  for 
division.  The  matter  was  decided  by  a  rising  vote  in  favor  of  the  reso- 
lution, 19  members  rising,  5  opposing. 


REPORT  OF   THE  COMMITTEE  APPOINTED  TO  OBTAIN   INFORMATION    IN    RELA- 
TION TO  ERECTION  OF  THK  GARFIELD    MONUMENT,  IN   LAKE  VIEW  CEME- 
TERY, CLEVELAND,  OHIO. 
[Presented  June  8,  1886.] 


To  the  Engineers'  Club  of  Cleveland : — Your  committee,  in  pursuance  of 
instructions,  waited  upon  Mr.  J.  H.  Wade,  President  of  the   Board  of 
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Trustees  of  the  Garfield  Monument,  and  request-^d  his  penuission  to  visit 
the  structure  and  examine  the  drawings  after  which  it  is  being  con- 
structed. Pt-rmiission  was  cheerfully  granted,  but  the  committee  was 
invited  to  defer  its  visit  until  the  architect,  Mr.  Georg?  Keller,  of  Hart- 
ford. Conn.,  could  be  j)repent. 

Mr.  Keller  having  arrived  on  May  C7th,  the  committee  met  him  by 
appointment  at  the  monument  on  the  following  day,  and  proceeded  to 
examine  the  building,  as  far  as  constructed,  and  especially  tiie  founda- 
tions. The  basement  walls  were  at  that  time  completed,  and  work  was 
progressing  on  the  first  story  of  the  entire  building. 

The  length  of  the  building,  including  tower  and  vestibule,  is  G9  feet,  its 
width  is  50  feet.  The  tower  is  50  feet  in  diameter,  octasronal  at  the  base, 
and  circular  above.  Within  the  tower  and  concentric  with  it  is  a  shaft 
28  feet  in  diameter,  the  basement  of  which  is  octagonal  and  forms  the 
crypt.  A  doorway,  or  opening,  four  feet  wide  at  each  side  of  the  crypt 
reduces  its  walls  to  eight  piers,  one  at  each  angle  of  the  octagon. 
The  footings  under  the  piers  are  separate  from  each  other  and  from  the 
footings  of  the  tower  wall.  They  consist  of  two  courses  of  stone  having 
an  aggregate  thickness  of  30  inches.  They  are  irregular  in  shape  and 
area.  The  lower  course  is  said  to  have  an  area  of  60  square  feet  per  pier. 
The  footing  of  the  tower  wall  is  reported  to  be  a  continuous  course  of 
eto^e  9  feet  wide,  having  an  arei  of  1.296  feet  on  the  ground. 

Measurements  and  levels  were  taken  by  the  committee  to  locate  the 
footings  with  reference  to  the  original  surface  of  the  ground.  From 
these  it  appears  that  the  depth  of  the  foundation  pit  averaged  only  3 
feet,  being  3  feet  6  inches  on  the  upjjer  side  and  2  feet  6  inches  on  the 
lower  t'ide,  owing  to  the  slope  of  the  surface.  As  the  courses  of  footing 
stones  have  a  thickness  of  2  feet  6  inches,  their  top,  which  corresponds 
with  the  neat  lines  of  the  masonry  and  very  nearly  with  the  finished 
floor  of  the  crypt  when  laid,  is  about  on  a  level  with  the  original  ground 
surface  at  the  lower  side.     This  agreed  with  the  architect's  drawings. 

So  shallow  a  foundation  would  not  be  secure  from  frost,  but  it  is  a  part 
of  the  plan  to  surround  the  basement  eventually  with  a  terrace  of  earth 
about  thirteen  feet  high. 

The  foundation  pit  has  been  refilled  with  loose  clay  to  the  top  of  the 
footing  courses,  and  this  is  somewhat  water-soaked  from  exposure  to  the 
weather.  The  native  clay  below  this  seems  to  be  still  firm  and  hard,  as 
nearly  as  could  be  judged  by  sounding  with  an  ordinary  steel  bar.  It  is 
the  common  testimony  of  those  who  saw  the  first  stone  laid,  that  there  is 
a  layer  of  hard  clay  from  12  to  15  inches  thir;k  remaining  between  the 
first  course  of  stone  and  the  shale. 

A  vertical  section  of  the  formation  is  clearly  exposed  by  an  excavation 
about  13  feet  deep  made  for  a  roadway  on  the  north  side  of  the  monu- 
ment, and  about  100  feet  distant.  The  surface  clay  is  about  5  feet  thick 
and  rests  on  a  bed  about  2  feet  thick  of  weathered  shale,  so  much  dis- 
integrated as  to  be  reduced  nearly  to  the  consistency  of  clay.  Beneath 
this  is  the  shale  proper,  but  streaked  with  three  seams  of  sand  which 
carry  a  little  water  in  the  wet  season,  but  are  now  comparatively  dry 
The  shale  has  a  slight  dip  to  the  southeast. 

xVfter  completing  its  investigations  at  the  monument,    your  committee 
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adjourned  to  the  Stillman  House,  where  Mr.  Keller  exhibited  the  plans, 
elevations  and  sections  of  the  structure,  also  a  copy  of  the  specifications. 
These  were  carefuUj'  studied  for  several  hours,  with  a  view  to  obtain  as 
nearly  as  possible  the  actual  weight  of  the  tower.  Mr.  Keller  kindly 
explained  his  drawings  in  detail  and  very  materially  aided  the  commit- 
tee in  their  labors. 

The  walls  were  first  estimated  as  solid  and  then  the  actual  openings 
were  deducted,  leaving  the  net  cubic  feet  of  material. 

The  arches  and  domes  were  separately  computed,  with  their  spandril 
filling,  also  the  floors  and  roofs.  The  following  units  of  weight  were 
assumed  : 

Berea  sand  stone,  per  cubic  foot 134  lbs. 

B.'ickwork  in  cement,  per  cubic  foot 1 13    " 

Cinder  in  spandrils         "       "        "    65    " 

The  tower  walls  are  180  feet  high  above  the  footings.  They  are  seven 
feet  thick  in  the  basement,  4  feet  (5  inches  thick  above  the  water  table, 
and  less  higher  up.     They  contain  : 

40,114  cubic  feet  of  Berea  stone  (134) 5,375,976  lbs. 

38,755  cubic  feet  of  brickwork  (112) 4,340,560    " 

One-half  of  the  galleries  weighs 305,000    " 

Total  weight 10,021,536  lbs. 

Area  of  foundation,  1,296  square  feet. 

Weight  per  sq.  ft.,  7,733  lbs.,  or 3.866  tons. 

Pressure  on  one  side  of  base,  due  to  50  lbs.  wind 

pressure  on  vertical  section,  3,000  lbs.,  or 1.5        " 

Maximum  load  on  tower  per  sq.  ft 5.366  tons. 

The  inner  shaft  is  200  feet  high  from  the  footing  to  the  base  of  the 
spire.  The  finial  is  238  feet  above  the  footing.  The  basement  piers  and 
walls  are  of  Berea  stone  4  feet  thick.  The  upper  walls  of  the  shaft  are 
of  brick,  supported  by  eight  granite  columns  on  the  main  floor.  The 
walls  are  three  feet  thick  and  less.  The  following  are  the  estimated 
weights  : 

Basement  piers 866, 176  lbs. 

Columns  and  walls  above 2,616,656  " 

Domes  and  floors 401.760  " 

Galleries  and  staircases 356,080  " 

Upper  dome 46,917  " 

Upper  staircase 1 17,555  " 

Spire 161,604" 

Total 4,563,748  " 

Area  of  footings,  60  x  8  =  480  sq.  ft. 

Dead  weight  per  sq.  ft.,  9,506  lbs.  =  4.753  tons. 

There  are  five  floors,  the  aggregate  area  of  which  is  6,280  square  feet. 
When  these  are  filled  with  people  at  80  pounds  per  square  foot,  the  total 
live  load  will  be  503,400  pounds.  The  shaft  carries  79  per  cent,  of  this,  or 
396,896  pounds.     One  pier  carries  49,612  pounds. 

Live  load  per  square  foot  of  foundation  837  lbs.  =  0.413  tons. 

Dead  weight  as  above  of  shaft 4.7.53    " 


Total  weight  per  square  foot  (maximum) 5. 166 


FOUNDATIONS  OF  TIIH  (JARFIELD  MONUMENT.  42i> 

The  woif^ht  of  the  vestibule  \v;is  uot  calculated,  but  as  the  hiiildiiij;  is 
only  one  story  hit,--!!  al)ove  the  main  tloor,  the  load  per  scjuare  foot  of  the 
foundation  will  proljahly  not  exceed  one  ton. 

It  will  be  observed  that  the  wi'ij^ht  of  the  tower  here  given  is  consider- 
ably less  than  the  weight  estimated  in  the  late  discussions  of  this  sub- 
ject. The  error  was  due  to  the  imperfect  data  at  that  time  available. 
But  the  load  is  still  great  enough  to  cause  some  compression  in  dry  da}'. 
Were  the  settlement  uniform  over  the  entire  foundation,  no  harm  could 
ensue,  but  the  iueiiuality  of  pressure  in  the  several  parts  leaves  a  doubt 
in  the  mind  of  the  committee  as  to  tiie probability  of  uniform  settlement. 
The  dead  load  of  the  shaft  being  4.7")  tons  against  3.86  in  the  tower  sug- 
gests a  possible  greater  settlement  of  the  shaft,  to  the  detriment  of  the 
gallery  Hoors  and  arches  ;  while  the  weight  of  the  tower,  3.80  tons  per 
sq.  ft.,  against,  say,  one  ton  for  ihe  vestibule,  warrants  the  apprehension 
that  any  settlement  will  cause  these  walls  to  crack,  since  they  were  all 
carried  up  at  the  same  time  and  were  thoroughly  bonded  together. 

The  conting*^ncy  of  any  settlement  whatever  might  have  been  obviated 
by  carrying  the  pit  down  only  a  few  feet  further  to  the  solid  shale,  and 
then  filling  the  space  with  concrete,  well  rammed,  before  laying  any 
stone.  This  treatment  would  not  only  have  transferred  the  pressure 
directly  to  firm  foundation,  but  would  have  also  combined  and  dis- 
tributed them  in  such  u  manner  as  t:)  render  them  nearly  uniform  over 
the  entire  area. 

J.  H.  Sargent,       ^ 
J.  M.  Blackburn,   \  ^y         ■,. 
C.  H.  Strong.  \  <^''>'«""<^ee. 

Wm.  H.  Searles.     J 


DISCUSSION      FOLLOWINa      THE      READING      OF      THE       REPORT     OF       THE 

COMMITTEE. 

Mr.  Searles  :  It  is  possible  that  the  club  would  like  to  discuss  this 
report.  I  would  like  to  say  in  addition  that  the  data  given  before  we 
obtained  this  information  was  imperfect.     These  figures  are  correct. 

Mr.  Richardson  :  Did  the  fij^ures  of  the  architect  agree  ? 

Mr.  Searles  :  These  are  the  figures  of  the  architect.  He  had  taken 
pains  the  evening  before  we  met  to  go  over  the  figures  with  the  assistance 
of  the  engineer,  so  that  when  the  committee  got  to  work  it  was  easy  to 
go  over  the  ground.  He  said  that  the  figures  first  given  were  very  rough. 
He  had  only  assumed  what  they  would  be,  but  he  adopts  now  the  figures 
we  have  presented  this  evening. 

Mr.  Ritchie  :  Did  the  architect  make  any  design  for  the  foundation  or 
did  he  simply  make  the  desijiu  for  the  monument  ? 

Mr.  Searles:  We  obtained  from  the  architect  this  explanation  :  Not 
being  present  to  see  the  site  of  the  monument,  he  understood  that  it  was 
on  solid  rock.  He  drew  his  design  with  the  view  that  the  fioor  should 
correspond  with  the  surface  of  the  rock.  When  he  understood  thaf.  there 
was  a  little  clay,  he  instructed  them  to  go  down  to  the  shale.  He  after 
ward  ordered  an  additional  depth  to  be  put  into  tlie  pit,  but  after  all  the 
phale  was  not  reached.  The  stratum  of  hard  clay  was  considered  suffi- 
cient by  those  in  charge.     The  architect  was  not  presen\    The  misappre- 
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liension  arose  from  the  supposition  that  there  was  hard  rock  to  build 
upon. 

Mr.  Swasey  :  The  architect  has  done  everything  in  his  power  to  aid  the 
committee,  and  I  propose  a  vote  of  thanks. 

On  motion,  a  vote  of  thanks  was  tendered  to  the  architect,  trustees, 
engineer,  and  all  who  had  aided  the  committee. 


SOME    OF     THE    ENGINEERING    FEATURES    OF    ILLINOIS 

DRAINAGE. 


By  I.  O.  Baker,  Member  of  the  Western  Society  of  Engineers. 
[Read  September  7,  1886.] 


Having  during  the  past  summer  given  considerable  attention  in  one 
way  and  another  to  drainage  matters,  the  Avriter  thought  that  possibly 
he  might  be  able  to  gather  up  a  few  items  which  would  be  of  interest  to 
the  members  of  this  Society.  It  would  be  difficult  for  one  who  has  not 
investigated  the  matter  or  who  has  not  mingled  freely  with  the  agricul- 
tural community  to  appreciate  the  magnitude  of  the  drainage  craze 
which  has  taken  possession  of  the  people  of  this  State.  For  a  number  of 
years,  large  sums  have  been  spent  in  tile  drainage,  in  the  year  1883,  the 
last  year  for  which  the  record  is  made  up,  nearly  12,000  miles  were 
laid  ;  but  very  recently  the  drainage  problem  has  taken  a  new  phase. 
Within  a  few  years  past  attention  has  been  directed  to  the  drainage  of 
numerous  comparatively  large  flat  tracts  of  land  which  it  had  been  con- 
sidered impossible  to  drain.     This  article  refers  only  to  the  latter. 

A  recent  article  in  Scievee  states  that  there  are  50,000  square  miles  of 
swamp  land  in  the  United  States  east  of  the  Mississippi  ;  but,  if  the  term 
swamp  land  is  interpreted  as  it  is  in  Illinois,  there  must  be  many  times 
that  amount.  By  act  of  Congress,  the  General  Government  gave  to  the 
States  all  the  "swamp  and  overflowed  lands"  within  their  borders; 
Tinder  this  act,  Illinois  claims  nearly  3,500  square  miles.  Although  there 
is  nothing  like  that  amount  of  undrained  swamps  or  overflowed  land 
now  in  the  State,  yet  the  amount  of  undrained  land  which  will  require 
construction  of  large  ditches  for  outlets  is  considerably  larger.  Judging 
from  one  or  two  counties  with  which  the  writer  is  pretty  well  acquainted, 
it  may  possibly  be  twice  as  great.  The  drainage  enterprises  of  Illinois 
properly  are  not  the  drainage  of  swamps  but  the  cutting  of  large  canals 
to  serve  as  outlets  for  tile  drainage.  The  area  to  be  drained  frequently 
includes  swampy  tracts,  but  by  far  the  larger  portion  is  already  partially 
drained.  In  the  estimate  in  the  article  in  Science,  Illinois  was  probably 
credited  with  comparatively  a  small  amount  of  swamp  land. 

According  to  t  hat  article  half  of  the  estimated  swamp  lands  of  the 
United  States  consists  of  tide- water  marshes  along  the  South  Atlantic  and 
Gulf  coasts,  and  doubtless  only  a  small  part  of  this  was  assigned  to 
Florida  ;  yet  there  is  a  single  drainage  scheme  now  in  progress  in  the 
southern  half  of  that  State  which  will  redeem  for  agricultural  purposes 
17,000  square  miles.  This  is  given  to  show  that  there  is  a  large  amount 
of  land  in  the  United  Stales,  in  addition  to  the  swamps,  which  is  now 
too  wet  for  agricultural  purposes,  and  which  can  be  greatly  improved  by 
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propor  drainage.  For  reasons  not  difficult  to  discover,  a  large  part  of 
lliis  area  will  soon  be  won  to  a  much  more  successful  agriculture.  \Vhen 
tlie  work  of  redemption  is  commenced  the  services  of  the  engineer  will 
be  called  into  lequisition.     A  word  to  the  wise  ! 

There  is  one  respect  in  which  the  drainage  enterprises  of  Illinois  differ 
from  any  otlier  of  which  tlio  writer  knows.  In  this  State  the  land  to  be 
drained  is  owned  in  comparatively  small  tracts,  and  any  drainage  scheme 
of  tlie  kind  under  discussion  will  atftr-ct  a  number  of  proprietors,  andcon- 
se(]uently  the  work  must  be  carried  on  by  the  combined  efforts  of  a  com- 
munity. In  England,  in  Holland,  and  in  Russia,  each  of  which  is  noted 
for  tlie  magnitude  of  its  drainage  enterprises,  the  land  was  owned  by  the 
govt'rnment,  and  the  work  of  its  redemption  w^as  carried  on  at  the  ex- 
pent^e  and  under  the  direction  of  the  government.  In  Florida  and  Louisi- 
ana some  large  drainage  schemes  are  in  progress,  but  in  each  case  the 
land  to  be  drained  is  owned  by  a  single  large  corporation,  which  bought 
tlie  land  of  the  State  for  a  mere  song.  The  drainage  diritricts  of  Illinois 
are  the  only  instances  in  which  the  co-operation  of  a  community  has  ac- 
complished results  equal  to  those  attained  by  governments  or  by  w^ealthy 
corporations.  Although  the  drainage  enterprises  of  Illinois  are  neither 
the  most  expensive  nor  the  most  extensive  in  the  world,  they  surpass 
anj'  in  the  ratio  of  cost  to  results. 

The  work  is  under  the  direction  of  three  ccmmis^ioners,  elected 
annually  by  the  interested  land  owners.  The  money  is  raised  by  special 
taxation  according  to  the  benefit  as  assessed  by  a  jury  appointed  by  the 
court  for  tlie  purpose.  The  commissioners  are  empowered  to  borrow 
money  and  issue  bonds.  It  seems  to  be  generally  conceded  that  the 
Illinois  drainage  law  is  better  than  that  of  any  other  State.  The  Illinois 
law  seems  to  be  superior  in  that  it  gives  the  three  commissioners  sole 
charge,  with  unUmited  authority.  Under  commissioners  with  unrestricted 
powers  the  work  proceeds  as  a  unit,  economically  and  rapidly. 

The  commissioners  "have  power  to  employ  a  competent  civil  engineer, 
if  in  their  opinion  the  services  of  an  engineer  be  necessary,  who  shall 
thereupon  proceed  to  make  such  survey  and  estimates  as  the  said 
commissioners  may  direct,  and  shall  make  and  return  to  the  said  com- 
missioners a  map  or  plat  of  his  survey,  and  a  full  report  of  all  estimates 
so  required  of  him."  He  "'shall  receive  not  to  exceed  $5  per  day  for  the 
time  actually  employed."  It  will  be  noticed  that  the  engineer  is  en- 
tirely subordinate  to  the  commissioners.  The  engineer  surveys  the  line 
of  the  ditch,  takes  the  levels,  draws  the  profile  and  plats,  and  computes 
the  amount  of  earthwork.  Since  the  ground  to  be  drained  is  generally  a 
broad  flat  tract,  the  ditches  are  usually  quite  straight,  so  that  the  location 
presents  but  few  difticulties.  Often  the  ditch  follows  the  division  lines 
of  the  land.  There  is  much  debate  among  land  owners  as  to  the  best 
form  of  cross  section.  As  a  rule  farmers  prefer  a  shallow  ditch,  on  the 
ground  that  it  will  be  injured  less  by  stock  than  one  with  high  banks. 
This  may  be  all  right  for  small  ditches,  but  unfortunately  the  same  id-  as 
have  sometimes  prevailed  in  designing  the  large  outlet  canals.  However, 
the  introduction  of  steam  machinery  has  incidentally  remedied  this  par- 
tially. No  care  seems  to  have  been  taken  to  adjust  the  capacity  of  the 
ditch  to  the  laobable  amount  of  water  to  be  carried. 
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The  largest  ditch  iu  the  State  is  17^  miles  long,  30  feet  wide  on  top  at 
the  upper  end,  and  gradually  increasing  to  60  feet  at  tlie  lower  end,  and 
from  8  to  11  feet  deep.  There  are  a  number  of  ditches  30  to  40  feet 
wide,  6  to  8  feet  deep  and  10  to  15  miles  long.  The  mirimuiu  fall  is 
about  1  foot  per  mile  ;  and  generally  the  fall  is  two  or  three  times  as 
much. 

The  smaller  lateral  ditches  are  generally  constructed  with  drag: 
scrapers,  although  occasionally  a  road  grader  is  used  to  construct  a  Hat  V 
ditch  which  is  deepened  by  running  a  capstan  plow  in  the  bottom  of 
it.  Sometimes  the  capstan  plow  is  used  to  deepen  a  scraper  ditch.  In 
fact,  the  capstan  plow  is  employed  whenever  it  is  possible,  and  is  a  very 
valuable  machine  for  making  small  ditches  or  deepening  larger  ones.  It 
is  said  to  be  peculiar  to  Illinois.  It  consists  of  two  triangular  mold 
boards,  joined  in  front  and  standing  at  an  angle  of  about  90'  with  each 
other  ;  the  plow  is  propelled  by  two  cables  attached  to  capstans  driven 
by  oxen  or  horses.  The  ordinary  capstan  ditch  is  1  foot  on  the  bottom, 
4  to  6  on  top,  and  2i  to  3^  feet  deep.  Three  men  and  two  teams  make  100 
rods  of  such  ditch  in  a  day  easily.  Wings  are  sometimes  attached  to 
the  plow,  w^hich  roll  the  earth  back  from  the  edge  of  the  ditch,  leaving 
a  very  pretty  ditch.  One  man  has  attempted  to  utilize  the  pressure  of 
the  w^ater  behind  the  plow,  and  thereby  be  able  to  construct  a  much 
larger  ditch.  So  far  it  has  not  been  a  complete  success  ;  when  there  is  a 
large  quantity  of  earth  on  the  mold  board,  it  shoves  along  in  front  of  the 
plow  instead  of  sliding  along  the  mold  board  and  up  and  out  of  the  ditch. 

The  larger  ditches  are  generally  constructed  with  steam  dredges.  The 
most  common  form  is  the  boom  dredge,  i.  e.,  a  steam  shovel  mounted 
upon  a  scow.  The  largest  boats  are  80  feet  long,  36  feet  wide,  boom  60 
feet  long,  l^^-yard  bucket,  32  horse-power  engine,  and  cuts  a  ditch  50 
feet  on  the  bottom  and  leaves  a  berme  of  10  to  13  feet.  Such  a  machine 
will  cut  about  1,300  yards  in  10  hours.  The  smallest  dredge  cuts  a  ditch 
16  feet  wide  and  from  4  to  6  feet  deep.  The  chief  advantage  of  a  steam 
shovel  mounted  upon  a  scow  is  that  it  is  not  stopped  by  the  water ;  but  on 
the  other  hand,  in  a  diy  season  like  this,  it  is  sometimes  stopped  by  the 
lack  of  water.  The  chief  defect  in  the  steam  dredges  as  operated  at 
present  is  the  great  amount  of  time  consumed  in  raising  and  lowering 
the  anchoring  spuds,  and  in  moving  ahead  ;  in  a  small  ditch  nearly  one- 
quarter  of  the  time  is  thus  wasted.  It  dees  not  seem  that  it  would  be 
ditficulc  to  remedy  this  defect. 

One  contractor  is  operating  a  shovel  upon  a  frame  or '' mud  boat" 
which  rests  upon  the  bottom  of  the  finished  ditch  ;  it  is  moved  forward 
by  a  cable  anchored  ahead,  one  end  of  which  is  wound  up  by  the  engine 
on  the  drag.     This  device  seems  to  entirely  remove  the  above  defect. 

There  is  one  dredge  of  the  endless  chain  and  bucket  type  at  work  in 
the  State.  It  is  similar  to  the  ones  at  work  in  Florida  and  Louisiana. 
The  design  seems  to  be  very  faulty  in  several  particulars,  but  it  looks  as 
though  a  machine  could  be  built  on  this  principle  which  would  excel  the 
boom  dredges.  We  have  not  yet  arrived  at  anything  like  perfection  in 
the  way  of  machinery  for  excavating  ditches.  The  capstan  ditcher,  and 
both  forms  of  dredges,  are  susceptible  of  great  improvements.  As  the 
results  of  the  present  drainage  enterprises  become  better  known,  and  as 
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the  increase  in  population  demands  tlie  redemption  of  all  swamp  lands, 
and  the  better  development  of  those  already  occupied,  drainage,  matters 
>^ill  of  necessity  receive  increased  attention,  and  the  services  demanded 
of  the  engineer  will  be  of  a  higher  order  than  at  present,  and  the 
machinery  employed  will  be  more  efficient  tlian  that  now  in  use. 

The  price  for  capstan-ditcher  work  is  the  equivalent  of  4  or  5  cents  per 
cubic  yard  :  it  is  usually  done  by  the  rod.  Scraper  work  is  ordinarily 
from  H  to  12  cents,  with  an  occasional  job  as  much  as  10  cents.  Dredge 
work  ranges  from  11  to  17  cents. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


September  15,  1886  :— A  regular  meeting  of  the  Boston  Society  of  Civil 
Engineers  was  held  and  called  to  order  at  7:45  p.m..  President  George  L.  Vose 
iu  the  chair  :   nineteen  Members  and  six  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  G.  A.  Bobrick  and  E.  Harrington  were  elected  Members  of  tliis  Society. 

Mr.  Theodore  P.  Perkins  was  proposed  for  membership,  recommended  by 
G.  A.  Kimball.  A.  L.  Kidd. 

On  motion  of  Mr.  Henry  Manley,  it  was  voted  :  That  the  Society  pay  four  dol- 
lars of  the  membership  fee  due  from  Mr.  Harrington,  because  of  his  earlier  mem- 
bership in  the  Society. 

The  President  announced  the  death  of  Professor  Wilham  Ripley  Nichols  and 
E.  S.  Chesbrough,  Members  of  this  Society. 

Professor  G.  F.  Swain  was  requested  to  prepare  a  suitable  memorial  on  the 
death  of  Professor  W.  R.  Nichols. 

On  motion,  it  was  voted  :  That  the  Government  be  requested  to  apjioint  a  com- 
mittee to  prepare  a  suitable  memorial  on  the  death  of  E.  S .  Chesbrough. 

Professor  G.  L.  Vose  I'ead  a  sketch  of  the  life  and  works  of  Major  George  W. 
Whistler. 

[Adjoinmed.]  H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


June  16,  1886:— A  regular  meeting  of  the  Engineers'  Club  was  held  at  Mercan- 
tile Library,  President  McMath  in  the  chair. 

The  resignation  of  T.  D.  Miller  as  Secretarj'  was  read  and  Wni.  H.  Bryan  was 
elected  to  fill  the  vacancy  for  the  unexpired  temi. 

M .  L.  Holman  read  an  informal  paper  on  "  Fire  Streams,"  calhng  attention  to 
serious  discrepancies  in  figures  given  by  the  highest  accepted  authorities  on  the 
subject.  It  was  si  own  that  the  formula?  of  Weston  and  Ellis  varied  largely  in 
results,  both  as  to  quantity  of  water  and  pressure  necessary  to  throw  fire  streams 
of  given  dimensions.  The  Club  thought  it  advisable  to  secure  further  experiments 
on  the  subject,  and  a  committee,  consisting  of  Robert  Moore,  Prof.  Woodward, 
M.  L.  Holman,  AV.  T.  Angell,  and  Wni.  H.  Bryan,  was  appointed  to  investigate 
the  matter  further. 

The  Club  then  adjourned  to  meet  again  on  the  third  Wednesday  iu  October. 

Wm.  H.  Bryan,  Secretary. 
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CIVIL  ENGINEERS'  SOCIETY  OF  ST.  PAUL. 


June  7,  1886: — The  regular  mouthly  meeting  of  this  society  was  called  to  order 
•at  8:30  P.M.  In  the  absence  of  the  President  and  Vice-President,  Mr.  L.  W. 
Rundlett  was  chosen  chairman  for  the  evening. 

Upon  ballot,  Mr.  J.  A.  Case  was  elected  to  membership.  Applications  from 
Messrs.  M.  Tolz  and  W.  W.  Curtis  for  membership  w^ere  received,  and  notice  of 
.ballot  at  next  regidar  meeting  given. 

The  literary  exercises  of  the  evening  were  opened  by  Mr.  F.  T.  Hampton  with 
an  interesting  paper  on  "  Cheap  Motive  Power,"  with  reference  to  the  develop- 
ment of  such  power  for  the  manufacturers  of  St.  Paul.  The  paper  discussed  the 
present  efficiency  of  the  steam  engine  with  the  causes  which  will  limit  in  a  meas- 
ure the  further  development  of  its  effectiveness. 

Mr.  R.  K  Hilgard  presenter'  drawings  of  the  proposed  steel  arch  bridge,  designed 
by  him  for  the  City  of  Minneapolis  to  replace  the  present  suspension  bridge  over 
the  Mississippi  River. 

Mr.  Hilgard  then  read  a  paper  on  the  subject  of  "  Graphical  Statics,"  showing 
how  the  science  was  deduced  from  the  properties  of  the  parallelogram  of  forces, 
and  the  force  polygon.  Notes  of  the  application  of  graphics  to  practical  calculations 
followed,  both  with  reference  to  iron  structures  and  to  stone  and  brick  structures. 
The  use  of  the  method  as  applied  to  arches  was  shown  by  the  sheets  of  the  calcula- 
tion of  the  Westmins  ter  street  tunnel  arches  of  the  St.  Paul  &  Northern  Pacific 
Railway  at  St.  Paul,  now  nearly  completed.  The  subject  of  lines  of  maximum 
compres<5ion  and  tension  was  briefly  mentioned  with  regard  to  beams  and  struts, 
and  then  it  was  shown  by  a  longitudiral  section  of  the  femur  bone  of  a  man  that 
the  material  of  the  bone  and  its  shape  both  in  the  external  shape  and  the  internal 
arrangement  of  the  material  is  in  accordance  with  these  theoretical  lines  of  max- 
imum tension  and  compression. 

After  a  discussion  of  the  paper  the  meeting  was  adjourned  till  September. 

Geo.  L.  Wilson,  Secretary. 


Editors  reprintiuf)  mticles  from  thisjourtKtl  are 
requested  to  credit  both  tke  JofRNAL  (ittd  the 
tiociety  before  tohich  such  articles  were  read. 
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THE  APPLICATION  OF    ELECTRICITY   TO   RAILROAD 
SIGNALING. 


By    George    "\V.    Blodgett,    Member   of   the  Boston    Society   of   Civil 

Engineers. 
[Read  April  17,  1886.] 


The  part  of  the  evening's  exercises  which  falls  to  me  is  a  brief  descrip- 
tion of  the  electric  apparatus  for  railroad  sigcnaling  in  use  on  the  B.  &  A. 
R.R.,  followed  by  some  general  considerations  on  the  use  of  electricity 
for  this  purpose.     I  begin  with 

Line  Block  Signals  with  Rail  Circuits. — The  road  is  divided  into  sec- 
tions of  from  one-fourth  to  one  mile  in  length,  according  to  the  amount 
of  traffic  or  local  circumstances,  each  of  which  sections  has  a  signal  at  the 
beginning,  operated  by  clockwork  and  a  weight,  and  which  is  set  to 
danger  whenever  a  train  enters  the  section  from  any  point,  and  restored 
to  the  position  indicating  safety  when  the  train  leaves  the  section.  Each 
section  is  electrically  insulated  from  those  before  and  behind  it.  At  the 
end  farthest  from  the  signal  is  an  electric  battery  giving  a  con- 
stant current,  which  is  connected  to  the  track,  one  pole  to  each 
rail ;  at  the  signal  end  of  the  section  the  coils  of  a  relay  are  connected  to 
the  rails  in  like  manner,  so  that  there  is  a  constant  tiow  of  electricity 
from  the  battery  through  one  line  of  rails  to  the  relay,  through  its  coils 
to  the  other  line  of  rails,  thence  by  these  rails  back  to  the  battery.  This 
relay  controls  the  local  circuit  (so-called)  of  another  battery  through  an 
electro-magnet  in  the  signal,  which  governs  the  motion  of  the  clock- 
work operating  it.  The  successful  operation  of  signals  by  a  rail  circuit 
requires  that  the  electromotive  force  (or  pressure,  as  it  may  be  con- 
sidered) of  the  battery  connected  to  the  rails  shall  be  so  small  that  there 
will  be  very  slight  leakage  from  the  rails  even  in  wet  weather.  It  is 
found  advisable,  therefore,  to  include  in  a  track  circuit  only  the  coils  of 
a  relay  of  low  resistance,  and  make  this  relay  open  and  close  the  circuit 
for  another  battery  of  any  size  we  wish,  which  shall  operate  the  signal 
itself.  Both  circuits  are  normally  closed,  that  is,  there  is  a  con- 
stant flow  of  electricity  through  the  whole  length  of  each.  The  clock- 
work is  so  constructed  that  when  the  current  is  passing  through 
the  magnet,  the  signal  is  held  in  the  position  of  "  all  clear,"  or  "  safety." 
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AVheu  this  is  interrupted,  the  signal  takes  the  "danger"  position. 
When  a  trai^i  enters  the  section  the  current  in  the  rails  takes  the  path  of 
least  resistance,  through  the  wheels  of  the  train,  instead  of  the  relay 
magnet.  The  armature  of  this  relay  falls  away  from  the  magnet  and 
opens  the  circuit  of  the  battery  controlling  the  signal,  and  this  takes  the 
position  denoting  danger  as  long  as  the  section  is  occupied.  When  the 
last  pair  of  wheels  passes  out  of  the  section  the  circuits  are  again  closed, 
and  the  signal  shows  clear.  The  same  effect  is  produced  whenever,  for 
any  cause,  either  circnit  is  interrupted — for  instance,  if  the  battery  fails, 
or  the  wires  are  broken,  or  tjie  clockwork  is  run  down,  the  signal  shows 
•'  danger  "*  nntil  the  difficulty  is  removed.  If  a  rail  in  the  track  is  broken, 
and  the  parts  separated  by  even  so  much  as  the  3  Jj[  of  an  inch,  the  signal 
will  be  at  danger.  I  have  known  many  instances  of  this,  and  not  a  few 
when  the  indication  was  most  timely.  One  which  happened  on  the 
road  ■nnth  which  I  am  connected  was  a  break  where  the  parts  were  dis- 
placed by  a  space  of  an  inch  or  two  in  such  a  way  as  to  be  almost  certain 
to  derail  a  train.  The  next  train  to  pass  would  have  been  a  "New 
York  express " — a  heavy  train,  running  at  a  high  rate  of  speed. 
The  track  was  on  an  embankment,  with  a  swamp  each  side. 
Before  the  train  arrived  the  position  of  the  i^ignal  had  fortunately 
called  the  attention  of  the  man  in  whose  charge  it  was  to  the  fact  of 
some  derangement,  and  a  search  was  instituted,  with  the  result  named 
above.  Another  broken  rail,  tirst  indicated  by  a  signal,  was  discovered 
only  after  several  days.  This  break  extended  upward  and  forward 
(in  the  direction  of  the  traffic)  from  the  bottom  of  the  rail.  The  parts 
were  so  near  each  other  as  to  leave  only  a  small  space — a  hair's  breadth — 
between  them.  In  the  daytime,  when  the  sun  shone,  the  expansion  of 
the  rail  would  force  the  parts  together,  good  electrical  connection  would 
be  made,  and  the  apparatus  would  work  perfectly  :  at  night,  on  the  con- 
trary, the  contraction  of  the  rail  would  cause  the  parts  to  separate  and 
interrupt  the  cuTuit  and  the  signal  would  be  at  danger.  A  train  would 
also  sometimes  slightly  displace  the  parts  so  as  to  leave  the  signal  at  dan- 
ger, -when  perhaps  the  next  train  would  bring  them  together  again.  A 
pair  of  fish-plates  bolted  on  was  the  remedy. 

To  make  perfect  electrical  connection  between  the  rails,  a  wire  extends 
past  each  joint,  the  ends  of  which  are  connected  to  the  two  rails  by  a 
tight-fitting  pin  in  a  hole  in  the  flange  of  the  rail.  "While  rails  are  new, 
and  fish-plates  tightly  screwed  up,  this  is  not  absolutely  needed,  but 
as  soon  as  they  begin  to  rust  there  is  trouble  if  the  wires  be  not  attached 
to  the  rails.  I  have  known  signals  work  for  several  months  with  an 
unwired  track,  but  ordinarily  they  will  do  so  only  a  few  weeks,  even  if 
rails  and  plates  are  perfectly  new. 

The  moving  of  switches  off  the  main  track  causes  an  interruption  of 
the  track  circuit  and  sets  the  signal  to  danger  ;  replacing  the  switch 
restores  the  signal. 

Cars  may  be  left  on  turnouts  so  near  the  mam  track  as  to  endanger 
trains  passing  on  that  track.  To  prevent  collisions  from  this  cause, 
turnouts  are  connected  with  the  main  track  by  wires  in  such  a  way  that 
if  any  part  of  a  train  stands  dangerously  near  the  main  Une.  it  will  keep 
the  signal  at  danger.     Trainmen  must,  therefore,  take  care  to  push  cars 
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left  on  turnouts  far  enough  from  the  SAsntch  to  clear  the  signal,  when 
they  are  sure  to  leave  main  line  trains  room  to  pass. 

When  the  block  signals  are  continuous — that  is,  with  no  spaces  between 
the  sections — the  safety  of  trains  following  each  other  at  short  inter- 
vals is  very  greatly  increased  by  overlnpping  the  sections.  This  causes 
a  signal  to  remain  at  danger  until  the  train  hasT  passed  a  certain  distance 
(usually  about  1,000  feet)  beyond  the  next  signal.  "While  a  train  is  run- 
ning this  short  distance  there  are  tu:o  red  signals  behind  it,  one  at  the 
beginoing  of  the  section  where  the  train  is.  and  the  other  at  the  begin- 
ning of  the  preceding  section.  So  long,  therefore,  as  trains  regard  the 
indications  of  the  signals,  they  can  never  approach  each  other  nearer 
than  the  length  of  the  overlap. 

Signals  are  placed  a  short  distance  (about  200  feet;  from  the  beginning 
of  the  section,  in  order  that  the  engineer  of  an  approaching  train  may  see 
the  signal  operate  for  his  train.  Should  it  fail  to  do  so,  he  is  to  proceed 
just  as  if  no  signal  were  there,  and  protect  his  train  as  circumstances 
may  require.  He  is  instructed  to  at  once  report  such  failures,  in  order 
that  the  cause  may  be  removed  without  delay. 

The  engineer  of  every  train  stopped  by  a  danger  signal  must  report  the 
Btopand  the  cause,  if  known  (as  for  instance,  a  previous  train  in  section, 
an  open  switch,  etc.,  etc.).  If  the  cause  be  unknown  to  the  engineer,  he 
simply  reports  a  stop  from  '"cause  unknown,"  and  it  is  put  in  the  hands 
of  a  repairman  to  investigate.  When  he  has  ascertained  the  cause  (a 
broken  rail,  derangement  of  the  apparatus,  failure  of  batteries,  or  other 
cause  not  at  first  apparent),  he  returns  the  report  with  his  explanation. 
If  /(<-  cannot  find  out  the  cause,  he  also  reports  cause  unknown,  and  we 
usually  never  ascertain.  There  is  a  small  fraction  of  one  per  cent,  of  such 
stops  at  signals  Some  of  these  I  am  morally  certain  are  due  to  previous 
trains,  open  switches,  or  other  legitimate  causes  ;  but  in  the  absence  of 
positive  proof,  do  not  feel  authorized  to  classify  it  as  such.  Sometimes 
employes  accidentally  cause  stops  of  trains  at  signals,  and  in  order  to 
save  themselves  the  consequences,  carefully  conceal  the  fact,  which  is 
not  always  afterward  discovered,  and  when  this  is  the  case  such  stops 
have  to  be  reported  unknown. 

Every  month  a  strict  debit  and  credit  account  is  made  up  of  the  opera- 
tions of  the  signals  on  each  division  of  the  road,  which  shows  at  a  glance 
what  proportion  of  stops  are  due  to  neglect  of  employes,  defective  appara- 
tus, unavoidable  causes,  etc.,  as  well  as  all  legitimate  stops.  Employes  are 
held  to  a  strict  account  for  all  avoidable  stops  caused  by  them,  and  the 
number  has  been  reduced  to  one  surprisingly  small.  (In  January, 
February  and  March,  18S6,  the  ratio  of  these  stops  to  number  of  opera- 
tions was  -^^^,  jj^,  and  ytIts  resj)ectively,  on  the  division  where  there 
are  most  signals.) 

Interlocking. — The  applications  of  electricity  to  interlocking  on  the  B. 
&  A.  K.  R.  are  for  the  purpose  of  making  sure  that  when  a  right  of  way 
has  been  given  a  train  to  pass  through  a  section  at  speed,  the  track  cannot 
in  any  way  be  changed  until  the  train  has  passed  entirely  off  the  section. 
This  is  accomplished  by  applying  electric  locks  to  the  first  levers  of  all 
conflicting  routes,  but  not  to  the  signals  of  the  route  to  be  used.  The  locks 
are  controlled  by  an  ingenious  form  of  relay  (invented  by  >Ir.  C.  A.  Scott. 
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of  Boston),  with  two  armatures  at  right  angles.  One  of  these  is  con- 
nected with  the  distant  signal,  of  the  route  to  be  used,  and  the  other 
with  the  locks  for  conflicting  routes.  For  ordinary  trains  the  distant 
signal  is  not  given,  and  the  locks  cannot  be  applied,  but  if  the  distant 
signal  is  pulled  clear,  the  apparatus  is  so  arranged  that  when  the  train 
enters  the  section  the  locks  will  hold  the  levers  of  conflicting  routes  as 
long  as  the  train  is  there.  It  thus  requires  the  coincidence  of  two  things 
to  apply  the  locks— a  clear  distant  signal,  and  a  train  in  the  sec  Jon. 
This  signal  is  only  used  for  express  trains  and  such  others  as  are  to  run  at 
full  speed  through  the  section. 

I  come  now  to  the  second  part  of  my  paper  : 

An  engineer,  in  considering  the  use  of  electricity  for  railroad  signaling 
or  in  connection  with  interlocking,  is  brought  face  to  face  with  the  fol- 
lowing practical  questions  : 

1.  Can  we  depend  upon  electricity  to  operate  apparatus  with  certainty 
and  regularity  ?  What  special  precautions  are  necessary  to  secure  this 
result  ? 

2.  To  what  extent  are  we  justified  in  using  it  ? 

3.  Does  electric  apparatus  have  the  tendency  to  diminish  the  care  and 
watchfulness  employes  would  use  without  such  adjuncts  ? 

4.  Should  it  be  as  far  as  possible  cmtomatic  9 

The  answer  to  the  first  question  to  some  extent  covers  that  to  the  sec- 
ond. Electric  apparatus  is  certainly  open  to  some  sources  of  derange- 
ment, which  mechanical  appliances  are  free  frona.  Some  of  these  are 
exhaustion  of  material  in  the  batteries  employed,  breaking  of  the  circuits 
due  to  (a)  a  broken  wire,  (b)  a  broken  jar  in  the  battery,  (c)  corroded  or 
rusted  connections  (which,  while  they  are  not  actually  divided,  prevent 
passage  of  the  current) ;  freezing  in  winter,  evaporation  in  summer, 
neglect  of  proper  care,  breakage  or  wearing  out  of  delicate  parts  of  the 
apparatus,  fixed  magnetism  in  iron  or  steel  parts,  and  some  others. 

In  order,  therefore,  that  we  may  depend  upon  electrical  apparatus  with 
at  least  as  great  safety  as  upon  mechanical  appliances,  we  miist  adopt 
such  additional  precautions  as  shall  meet  these  particular  liabilities  to 
derangement.  For  this  purpose,  each  application  must  be  looked  upon 
as  a  special  case  and  be  considered  by  itself.  Electricity  must  be  made  to 
watch  for  its  own  failures  ;  sometimes  this  must  be  done  to  the  extent  of 
using  secondary  apparatus,  the  only  purpose  of  which  is  to  show  when 
the  principal  appliances  are  out  of  order.  This  means  in  most  cases  a 
closed  circuit  and  a  constant  consumption  of  material ;  we  do  not  yet  know 
how  to  make  a  circuit,  normally  open  at  one  point,  show  an  accidental 
interruption  at  another  point.  In  many  kinds  of  apparatus  the  constant 
circulation  of  current  to  the  extent  necessary  for  this  can  be  maintained 
by  a  small  amount  of  battery,  since  a  very  much  smaller  current  will 
suffice  to  hold  apparatus  in  position  than  would  be  neccessary  for  its 
operation.     Expense  of  maintenance  may  thus  be  diminished. 

The  normal  position  of  railroad  signals  should  be  danger  ;  the  electric 
current  should  be  made  to  do  something  positive  in  order  to  indicate 
safety.  A  signal  showing  all  clear  should  require  that  the  track  to 
which  it  belongs  is  continuous  and  unoccupied  by  any  portion  of  a  train, 
the  switches  all  set  for  that  line  and  locked  there,  the  conflicting  routes. 
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(if  any)  locked  at  danger,  and  that  the  electric  apparatus  is  in  good  order 
aitd  acfualli/  at  icork* 

If  electricity  is  applied  to  lock  levers  of  mechanical  apparatus  (in  my 
judgment  one  of  its  most  important  uses),  a  lever  unlocked  should  mean 
that  the  route  it  governs  is  safe  for  a  train  to  pass,  all  confiictmg  routes 
shut  off,  and  the  electric  apparatus  working  in  good  order. 

The  principal  consideration  ought  to  be.  not  how  cheap  apparatus  can 
we  get,  but  how  reliable  can  we  make  it.  Often  it  is  a  question  of  dura- 
bility alone  that  needs  to  be  answered.  I  know  of  but  few  railroads  or 
other  corporations  which  adopt  strictly  this  principle  of  good  apparatus 
at  any  pirice,  rather  than  poor  and  unreliable  appliances  because  they 
cost  little.  I  have  known  repeated  instances  of  a  first-class  corporation 
buying  cheap  electric  apparatus  because  of  a  less  first  cost,  which  was  soon 
more  than  balanced  by  large  expenses  for  repairs  (sometimes  to  the  extent 
of  replacing  the  whole  apparatus  with  better),  to  say  nothing  of  its  unre- 
liability. In  a  few  cases  I  have  known  it  to  actually  pay  more  money  for 
poor  apparatus  than  better  materials  and  work  would  have  cost  at  the 
start.  In  no  class  of  work  is  the  old  proverb,  "  well  done  is  twice  done," 
more  true  than  in  electrical  instruments,  but  there  are  few  who  believe  it. 
It  is  this  short-sighted  and  contemptible  policy  of  attempting  to  save  a  little 
money  by  the  sacrifice  of  safety  and  reliability,  that  stands  in  the  way  of 
progress  and  perfection  of  electric  apparatus  :  there  is  no  inducement 
except  the  self-respect  of  him  who  does  the  work,  for  making  the  he^it 
^/((Hg  in  the  best  way.  There  are  a  few  who  will  do  what  they  under- 
take thoroughly  or  not  at  all,  but  though  they  may  have  many  times 
demonstrated  the  different  quality  of  their  work,  and  its  lasting  charac- 
ter, their  life  is  often  a  struggle  for  existence,  while  competitors  who  have 
thrown  conscience  overboard  and  principle  to  the  winds,  thrive  in  busi- 
ness and  grow  rich,  for  no  reason  except  that  they  can  place  their  wares 
in  the  market  at  a  lower  first  cost. 

Used  in  the  way  I  have  indicated,  with  proper  safeguards,  mixed  (as  an 
artist  once  said  of  his  colors)  "with  brains,"  electricity  is  one  of  the  safest 
and  surest  of  agents,  and  its  occasional  derangements  need  never  cause 
an  accident  or  serious  inconvenience. 

The  second  question,  "  To  what  extent  are  we  justified  in  using  elec- 
tricity for  railroad  signaling  ?"  may  be  answered  by  saying  that  it  is 
largely  a  question  of  expense.  We  know  of  no  way  of  obtaining  small 
quantities  of  electricity  for  constant  use  in  all  places  so  conveniently 
as  from  batteries.  The  maintenance  of  these  is  expensive,  both  for 
labor  and  material.  If  we  wish  the  current  to  do  any  considerable 
amount  of  work,  we  must  liave  a  large  number  of  these.  The  expense 
involved  in  their  care  may  then  be  a  complete  bar  to  the  use  of  elec- 

*  An  ideal  system  of  signals  ouKbtto  provide  that  a  clear  signal  shall  insure  to  a  train 
about  to  pass  through  a  section  at  speed  that  all  the  switches  are  set  for  the  main  line, and 
the  presence  of  the  train  in  the  section  should  automatically  lock  every  switch  till  the 
whole  of  it  has  passed  out.  Attempts  have  been  made  to  do  this,  but  so  far  as  I  know 
they  all  failed.  I  thmk  the  failure  due  to  imperfect  apparatus  rather  than  faults  in  the 
principle,  and  I  see  no  reason  why  a  system  cannot  be  devised  whereby  all  switches 
shall  be  automatically  locked  by  the  entrance  of  a  train  into  a  section  and  unlocked 
by  its  passage  out.  Of  course  for  a  train  intending  to  use  any  switch,  there  must  be 
means  for  unlocking  that  particular  switch  for  that  particular  train. 
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tricity  for  a  proposed  purpose.*  We  shall  ordinarily  find  the  best 
solution  of  the  problem  in  hand  by  working  heavy  pieces  of  apparatus 
by  mechanical  means  or  man-power,  and  controlling  the  movements  of 
the  operator  by  electricity. 

In  the  case  of  interlocking,  for  example,  let  the  switches  and  signals 
(for  the  most  part)  be  moved  by  some  mechanical  means,  and  let  elec- 
tricity limit  the  signalman's  movements  to  such  as  are  at  the  moment 
perfectly  safe  and  proper. 

When  a  ti-ain  has  accepted  a  right  of  way  which  has  been  offered,  its 
very  presence  there  should  make  it  impossible  for  a  signalman  or  any- 
body else  to  change  the  route,  or  to  interfere  in  any  way  with  the  safe 
passage  of  the  train  until  the  last  pair  of  wheels  has  rolled  off  the  section. 
It  should,  however,  always  be  in  the  power  of  a  signalman  to  put  a 
signal  at  any  time  to  danger  and  stop  a  train.  It  may  happen  that  when 
a  train  which  has  been  given  a  right  of  way  has  begim,  or  even  nearly 
completed,  its  passage,  it  is  imperative  to  recall  the  right  of  way  and  hold 
the  train  from  completing  the  movement,  until  such  time  as  the  emer- 
gency which  made  this  necessary  has  disappeared.  No  electric  or  other 
device  should,  therefore,  ever  be  applied  to  interlocking  or  mechanical 
block  signals,  to  lock  a  signal  in  an  all-clear  position,  but  the  locks 
should  apply  to  the  first  movements  of  all  conflicting  routes,  and  remain 
so  applied,  whatever  be  the  position  of  signals  belonging  to  the  route 
occupied,  so  long  as  such  occupation  continues.  This  is,  I  think,  the  great 
field  for  the  legitimate  use  of  electricity  in  connection  with  railroad 
signals,  viz. ,  as  a  controller  or  governor,  to  secure  the  legitimate  and 
safe  use  of  other  forces  directly  working  the  apparatus.  For  this  pur- 
pose, it  ought  to  be  applied  wherever  it  can  help  to  secure  (or  to  indicate) 
an  unbroken  or  unoccupied  track  until  the  train  using  it  has  completed 
its  passage  in  safety. 

Third. — "  Does  its  use  have  the  tendency  to  diminish  the  care  and  watch- 
fulness employes  would  use  without  such  adjuncts  ?"  I  think  not ;  it  ought 
rather  to  teach  signalmen  safe  and  careful  use  of  their  apparatus,  since 
they  can  normally  make  no  other  ;  for  trainmen  it  ought  to  teach  prompt 
and  fearless  occupation  of  routes  prepared  for  them,  in  confidence  that 
they  cannot  be  taken  aAvay  so  as  to  cause  disaster.  With  some  employes 
it  may  possibly  be  true  that  the  more  precautions  which  are  taken  for  the 
safety  of  life  and  limb,  the  more  reckless  they  become,  bvit  such  men  have 
no  legitimate  bu!?iness  with  the  operation  of  a  railroad";  for  the  others, 
without  regard  to  the  laws  upon  the  subject,  is  it  not  the  duty  of  every 
man  or  corporation  employing  men  in  positions  of  danger  to  use  every 
possible  precaution,  within  the  bounds  of  reason,  for  their  protection, 
and  to  counteract  any  tendency  to  too  great  reliance  on  devices  of  this 
kind  by  securing  better  discipline,  a  more  conscientious  performance  of 
duty,  and  better  appreciation  of  the  dangers  of  their  business  ? 

*  Note —There  may  be  an  apparent  contradiction  between  this  statement  and  the 
principle  laid  down  in  the  preceding  paragraph,  but  it  is  only  apparent.  Here  the  qu-  s- 
tion  IP,  shall  we  use  electricity  or  some  other  agent  for  the  work  we  have  to  do  ?  there 
the  question  was,  what  kind  of  ejec'ric  apparatus  shall  we  adopt?  The  first  must  be 
decided  bv  cotisideration  of  each  particular  case  as  it  arises.  We  can  answer  the  second 
once  for  all. 
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Fourth. — Ought  it  to  be  as  far  as  possible  automatic,  or  like  a  tool  in 
the  hands  of  some  employe  ?  It  is  a  sufficient  answer  to  this  question 
to  say  that  experience  has  always  shown  that  whenever  the  forces  of 
nature  or  mechanical  principles  can  be  substituted  for  human  perception 
or  iudgment.  there  is  a  great  gain  in  certainty  and  safety.  Electric  sig- 
naling apparatus  should,  therefore,  be  as  far  as  possible  automatic.  The 
information  conveyed  by  it  must  be  instantly  and  perfectly  intelligible 
from  the  first  moment  when  its  indication  can  be  of  service.  If  a  t-isible 
signal  (as  is  usually  the  case),  it  must  be  in  form,  position  and  size  such 
that  it  may  be  seen  a  long  distance. 

In  location  and  color,  the  signal  and  the  background  against  which  it 
is  seen  must  be  such  as  never  to  be  confounded  with  something  else  in 
the  same  vicinity.  To  secure  this,  it  is  often  necessary  to  make  a  special 
background  for  the  signal  to  be  seen  against,  or  to  place  it  differently 
from  what  would  be  done  on  general  principles.  The  proper  location 
and  details  of  arrangement  must  be  determined  for  each  separate  case. 

"A  signal  displayed  at  or  near  the  point  of  danger  (say  the  Mass.  Rail- 
road Commissioners,  in  their  report  for  1879)  is  utterly  insufficient  and 
unsatisfactory."  It  should,  then,  be  far  enough  from  the  point  of  danger 
to  allow  stopping  any  train,  in  any  weather  cr  slate  of  the  track,  before 
reaching  that  point.  If  that  be  on  a  curve,  the  signal  should  usually  be 
placed  far  enough  back  to  be  seen  from  a  straight  line.  If  the  curve  is  so 
long  that  this  cannot  well  be  done,  an  allowance  must  be  made  in  distance  ; 
a  similar  allowance  should  be  made  where  a  signal  stands  on  an  up  or 
down  grade,  but  it  should  not  be  placed  so  far  away  as  to  make  it  likely 
that  any  interference  with  the  track  can  be  made  after  a  train  has  passed 
the  signal  at  speed  and  before  it  reaches  the  danger  point. 

Electric  apparatus  should  of  itself  warn  and  protect  from  danger,  and 
not  be  merely  an  instrument  in  the  hands  of  an  employe  by  which  he 
can  notify  his  fellow^s  of  danger  he  has  discovered  some  other  way. 

Electricity,  intelligently  used,  makes  the  eyes  and  hands  of  its  master 
indefinitely  extended,  and  to  those  who  know  how  to  apply  it,  is  as  cer- 
tain to  do  its  work  as  steam  or  water,  and,  unlike  these,  can  be  made  to 
give  warning,  not  only  of  its  own  failures,  but  of  those  of  the  hand  that 
uses  it. 
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By  G.  R.  Hardt,    Member   of  the  Boston  Society  of  Civil  Engineers. 
[Read  April  IT,   1886.] 


Automatic  signals  are  used  to  show  to  the  engineman  of  an  approach- 
ing train  the  conditions  of  safety  or  obstruction  which  may  exist  in  the 
section  of  track  bejond  the  signal.  Their  value  usually  relates  directly 
to  main-road  trains  and  the  certainty  of  a  clear  way  for  euch  a  train. 

With  the  station  block  system,  the  automatic  signal  provides  protec- 
tion which  is  modified  by  the  length  of  the  section  and  locations  of  the 
parts.  Such  applications  of  isolated  sections  almost  invariably  include 
some  switches.      This  condition  of  isolation  subjects  a  train  which  is 
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only  just  drawn  inside  the  signal,  which  ought  then  to  become  a  protec- 
tion to  the  train,  to  a  danger  from  a  following  train  which  is  warned  by 
a  signal  only  immediately  in  the  rear  of  the  first  train,  while  not  enough 
room  remains  for  the  second  train  to  avoid  a  collision.  In  the  hope  of 
avoiding  this  element  of  danger,  there  appears  a  tendency  to  locate 
the  signals  more  remotely  in  the  rear  of  the  usual  stopping  places  of 
trains,  such  a  distance  as  would  provide  a  generous  protection  and 
warning  for  the  first  train  against  the  following  train. 

A  second  element  appears  now,  which  should  modify  such  a  disposi- 
tion. In  order  to  have  the  signal  faithfully  express  an  unobstructed 
track  it  is  necessary  to  so  connect  the  switches  that  when  one  is  thrown 
oflf  the  signal  will  warn  a  train.  When  the  signal  shows  all  clear  the 
train  should  advance  promptly,  but  unless  electric  locking  is  provided  it 
still  remains  possible  to  reverse  the  position  of  the  switch  after  the  train 
has  passed  the  signal,  and  in  case  of  a  rapid  advance,  a  safe  stop  may  be 
impossible  after  coming  in  sight  of  this  lately  misplaced  switch.  Of 
course,  if  a  train  is  in  sight  or  its  approach  is  announced,  one  would 
hardly  undertake  to  shift  the  switch.  Therefore,  only  a  Umited  distance 
should  be  permitted  between  the  signal  and  the  most  immediate  switches. 
In  practice,  a  distance  of  between  1200  and  1500  feet  is  considered  best, 
or  one  quarter  of  a  mile.  When  a  train  is  stopped  by  a  station  block 
signal  its  rear  is  not  protected  automatically.  This  defect  is  better  pro- 
vided for  by  the  application  of  the  overlapping  block  system. 

Overlapping  Block  System. — This  arrangement  gives  a  signal  which 
show  an  unobstructed  track  after  a  train  has  not  only  cleared  all  the  dis- 
tance between  the  first  and  the  second  signals,  but  has  gone  a  reasonable 
distance  b'^yond  the  second  signal.  While  occupying  this  last  named  dis- 
tance or  space  of  track  beyond  the  second  signal,  both  the  first  and  second 
signals  remain  at  danger  ;  but  after  passing  clear  of  that  space  the  second 
signal  will  be  at  danger.  This  arrangement  of  signals  is  calculated  to 
afford  the  largest  degree  of  protection  of  any  plan  yet  known. 

The  methods  of  establishing  an  accurate  relation  between  track  and 
signal  are  various,  but  some  qualifications  ought  to  have  large  promi- 
nence. A  feature  of  automatic  signals  is  a  peculiar  closeness  to  the 
immediate  purpose  of  the  signal  ;  that  is,  the  all-clear  signal,  if  such  a 
clear  way  is  open,  otherwise  a  danger  signal  for  one  of  many  reasons, 
but  no  further  indications  are  presented.  No  agent  or  employe  appears 
to  explain  the  obtrusion.  Only  this  is  known  :  the  signal  shows 
danger  and  a  stop  must  be  made,  and  then,  in  the  absence  of  informa- 
tion, the  train  may  proceed  with  caution  ;  caution  here  meaning  only  at 
such  a  speed  as  that  the  train  may  be  brought  to  a  stop  clear  of  any 
obstruction  which  may  appear  on  the  track. 

Automatic  signals  ax'e  commonly  understood  to  include  all  kinds  of 
signals  which  are  operated  by  the  presence  of  a  train,  and  include  many 
and  various  devices  in  the  detail,  such  as  clockwork  and  rougher  mech- 
anism or  instruments,  either  kind  of  electric  propulsion,  pnematic,  hy- 
draulic or  other  means  of  actuation.  In  general,  they  may  be  classified 
under  two  kinds.  1.  Those  that  are  operated  by  the  action  of  a  train  on 
a  track  instrument.  2.  Those  that  are  provided  with  a  track  or  rail  cir- 
cuit.   This  latter  class  presents  an  advantage  over  the  others  in  that  one 
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I)air  of  wlieels  or  one  car.  either  detached  or  the  last  car  in  tlio  traiu,  as 
the  case  may  be.  if  remaining  in  the  section  continues  b}-  its  presence 
there  the  same  protection  tliat  was  afforded  by  and  for  tlie  whole  train. 
Indeed,  that  method  increases  the  working  length  of  tiie  section  by  a 
distance  equal  to  the  length  of  the  train,  and  that  too  without  the  usual 
corresponding  disadvantages  of  such  an  extension  of  length  of 
section.  Also  in  a  case  of  a  train  parting  in  two  the  rear  end 
of  the  train  is  protected  as  long  as  it  continues  in  the  section, 
even  though  the  engine  may  have  passed  out  to  a  point  that 
would  with  the  use  or  dependence  on  track  instruments  have  released 
the  danger  signal  behind  its  train.  Lastly,  a  second  train  in  a  section 
is  protected  even  though  the  first  train  may  have  passed  out.  The  danger 
in  both  these  cases,  with  the  use  of  the  track  instrument  system,  is 
increased  beyond  that  of  the  ordinary  risk  of  operating  a  I'oad  without 
any  signals  at  all,  because  the  signal  by  its  usual  fidelity  in  warning  the 
conditions  of  safety  soon  comes  to  be  regarded  as  a  guarantee  of  the 
clear  road  if  it  has  been  released  and  the  danger  signal  reversed  to  safety. 
In  respect  to  the  fact  of  a  second  traiu  in  the  section,  the  questions  may 
arise  as  to  what  moment  circumstances  will  discover  two  trains  in  a  sec- 
tion at  one  time. 

With  automatic  signals  in  this  country  it  is  considered  entirely  impracti- 
cable to  dispatch  trains  on  the  road,  bound  by  the  iron-clad  rule  of  a  posi- 
tive block  for  automatic  signals.  Such  a  rule  would  result  in  frequent 
blockades  and  useless  delays.  Hence  the  modification  by  which  the  per- 
missive block  system  is  practiced,  viz..  stop  for  a  danger  signal  and  pro- 
ceed only  as  the  way  is  known  to  be  clear.  With  a  crowded  service  or 
irregular  or  delayed  trains  occasions  result  in  a  second  train  getting  into 
a  section  before  the  first  train  has  cleared  the  same  section.  Now,  as 
the  first  train  goes  out,  and  if  it  is  to  reverse  the  protecting  signal  by 
running  over  a  track  instrument  at  the  remote  end  of  the  section,  it  does 
so  and  removes  all  protection  for  the  second  train,  and  a  third  train  is 
invited  to  proceed  without  any  warning  of  the  obstructing  proximity  of 
the  second  train.  This  is  no  imaginary  combination,  but  has  been  seri- 
oush-  illustrated. 

To  Briefly  Resume. — First,  protect  stations  and  stopping  places  with  a 
station  block  system,  one  for  each  direction  of  the  service,  selecting 
first  the  locations  most  used  by  trains,  and  at  higher  speeds,  and 
which  afford  the  most  limited  range  of  vision  for  the  engineman.  By 
weighing  these  various  elements,  which  in  their  accumulation  serve  to 
characterize  the  more  dangerous  localities,  good  judgment  and  experi- 
ence will  be  able  to  designate  those  at  which  such  appliances  will  afford 
the  largest  degree  of  insurance  for  the  outlay.  Hardly  a  full-grown 
railroad  exists  that  may  not,  could  such  insurance  be  computed,  save 
money  enough  in  wreckage  and  repairs,  and  advantages  to  the  service, 
to  continue  an  increasing  annual  expenditure  until  its  lines  are  well  pro- 
tected. 

Second.  In  completing  the  work  thus  begun,  other  independent  points, 
such  as  isolated  switches  and  junction  points,  and  sharp  curves  and 
longer  curves  on  steep  grades  will  be  commended  to  one's  judgment  as 
places  for  the  station  block  applications;  and  at  the  same  time  certain 
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large  stations,  where  the  approaches  are  for  a  longdistance  character- 
ized by  the  before  mentioned  elements  of  yard  switches,  blind  curves, 
crossings  and  junctions,  it  will  be  seen  to  be  advisable  to  advance  the 
protection  by  dividing  these  approaches  into  sections,  and  entering  the 
applications  of  the  overlapping  block  system,  which  conforms  readily  to 
any  already  established  system  of  station  blocks  ;  some  minor  changes 
and  the  additional  signals  are  all  that  are  required.  In  all  this  argument 
I  am  looking  at  the  question  as  being  confined  to  the  track  circuit  system 
or  its  equivalent. 

Most  automatic  signals  are  now  arranged  to  stand  normally  all  clear, 
and  show  red  when  there  is  danger  in  the  way.  This  may  be  some  time 
improved  so  as  to  stand  normally  at  danger,  showing  red,  and  open  to 
let  an  advancing  train  enter,  which  would  be  a  more  logical  system,  but 
its  adoption  is  just  now  attended  by  some  undesirable  complications 
which  hardly  warrant  such  a  change.  One  of  the  first  track  instrument 
systems  used  two  signals,  a  second  or  tell-tale  signal  being  about  1,000 
feet  beyond  the  first,  at  the  entrance  to  a  block,  and  by  its  mechanism 
standing  at  danger  if  the  first  was  all  clear,  and  changing  to  all  clear 
after  the  first  went  to  danger,  which  occurred  as  the  train  actuated  a 
track  instrument  located  opposite  the  first  signal. 

The  form  of  signal  is  an  important  element,  and  simplicity  should  not 
be  lost  sight  of.  The  common  form  of  red  disk  or  banner  to  indicate 
danger  is  quickly  comprehended,  and  sufficiently  conspicuous,  as  by  com- 
mon consent  that  color  is  so  considered,  and  also  its  marked  contrast  with 
ordinary  backgrounds  is  better  than  any  other.  Too  large  a  variety  of 
forms  is  undesirable,  and  perplexing  to  the  eugineman  ;  all  should  har- 
monize together  and  follow  some  definitely  marked  system.  Depending 
solely  upon  color  is  questionable  practice,  and  with  the  color-blind  its  con- 
sequences are  fatal.  Form  or  position  assisted  by  color  are  now  recog- 
nized as  more  acceptable.  The  logical  sequence  of  natural  signs  and 
certain  previous  conditions  leads  up  to  the  present  features  of  consistent 
and  not  too  complicated  signaling.  The  natural  use  of  the  color  red,  for 
instance,  accepted  by  all  mankind  and  some  lower  animals  as  a  danger 
signal,  leads  to  its  almost  universal  adoption  in  that  capacity.  As  mak- 
ing the  best  contrast  by  day,  the  clear  white  is  used  for  all  clear;  but  at 
night,  a  green  light,  complementing  the  red  light,  makes  the  safest  run- 
ning signal,  and  is  less  in  danger  of  being  confounded  with  the  village 
lights,  which  might  be  presented  in  the  range  of  view. 

The  form  of  a  signal  may  be  drawn  from  natural  practice,  that  is,  in 
order  to  stop  a  train  vigorous  motion  across  the  track  or  nearly  horizon- 
tal are  quickly  understood  ;  from  such  habits  one  regards  a  horizontal 
position  as  indicating  stop  and  a  vertical  position  or  movement  as  mean- 
ing all  clear.  Retaining  closely  the  horizontal  and  vertical  features,  as 
having  distinct  meanings,  and  we  lead  up  to  an  appreciation  of  the 
semaphore  with  its  horizontal  stop  and  dropping  to  an  all-clear  or  nearly 
vertical  position.  With  this  argument  we  shouid  be  inclined  to  use  the 
semaphore  for  automatic  signals  ;  but  with  automatic  signals  worked 
entirely  by  electricity,  or  by  electricity  and  clockwork,  it  is 
found  better  to  use  the  disk  signals,  on  account  of  the  dif- 
ficulty   of    providing    a    sufficient     actuating     force    to    move    the 
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seDiaphores  ulu'ii  the  usual  counter-balancing  has  been  destroyed 
by  accuniulatious  (if  snow  or  ice,  wliich  difHculty  exists  in  a 
very  much  less  degree  with  disk  signals  rotating  on  a  vertical  axis  or  on 
a  horizontal  axis,  when  inclosed  in  a  case  with  glass  front  protecting 
them  entirely  from  the  weather,  although  liable  to  be  covered  with 
snow  in  case  of  damp  storms.  When  the  track  circuit  system  is  rein- 
forced by  power  from  a  pneumatic  apparatus,  then  the  force  is  consid- 
ered sufficient  to  move  the  regular  semaphore  signals.  Such  applications 
have  been  extensively  experimented  with,  and  involve  the  running  of  a 
pipe  to  convey  the  compressed  air,  with  machines  at  intervals  of  a  num- 
ber of  miles  to  compress  the  air,  also  about  the  usual  amount  of  wire, 
such  as  would  be  required  for  electric  track  circuit  alone. 

Another  point  in  the  use  of  semaphore  signals  automatically  is  this  : 

Mo.-;t  of  the  ai)plications.  so  far,  with  automatic  semaphores  have  been 
with  that  form  of  signal  which,  when  united  with  interlocking,  means  a 
positive  stop,  and  it  would  seem  to  be  more  consistent  to  avoid  such  a  use 
of  the  absolute  stop  signal,  either  by  the  adoption  of  some  distinct  form 
of  signal — not  a  semaphore — or  by  the  use  of  the  dove-tailed  semaphore, 
such  as  is  used  for  a  distant  signal. 

No  railroad  can  afford  to  dispatch  trains  with  positive  orders  not  to 
pass  a  semaphore  stop  signal,  if  such  a  signal  is  provided  to  work  auto- 
matically, and  if  the  permissive  block  rule  is  granted  for  a  form  of 
signal  which  is  automatic  in  one  location  while  subject  to  all  the  uncer- 
tainties of  electric  appliances,  and  in  another  location  is  under  the 
authoritative  control  of  a  signalman,  it  seems  that  the  controlling  value 
of  the  signal  is  exposed  to  strain.  It  might  some  time  be  claimed  by  an 
engineman,  arraigned  for  ignoring  the  latter  at  an  interlocking  applica- 
tion, that  he  thought  it  was  one  of  the  automatics  which  the  permissive 
block  rule  would  allow  him  to  pass.  Indeed,  there  is  but  one  difference 
in  the  rules  relating  to  a  danger  automatic  signal  and  a  distant  sema- 
phore— namely,  at  the  automatic  signal  for  danger  sfojj  and  proceed  only 
as  the  way  is  known  to  be  clear,  while  with  the  dove-tailed  distant  inter- 
locking semaphore,  the  lule,  when  the  signal  is  horizontal,  is  to  pro- 
ceed only  as  the  way  is  known  to  be  clear.  It  is  not  the  purpose  of  this 
argument  to  claim  that  automatics  should  be  dove-tailed  semaphores 
rather  than  disk  signals,  but  that  if  it  is  deemed  necessary  to  use  auto- 
matic semaphores,  then  by  all  means  use  the  dove-tailed  signal  in  prefer- 
ence to  the  positive  stop  semaphore  signal. 

There  seems  to  be  fair  grounds  for  reasoning  that  automatic  and  inter- 
locking signals  occupy  distinct  fields  of  protection,  and  only  overlap  one 
another  in  their  effects  under  certain  circumstances.  While  interlocking 
is  an  old  and  tried  institution,  automatics  are  unique  in  their  character. 
They  are  an  American's  attempt  to  accomplish  cheaply  what  an  English- 
man does  at  large  expense,  namely,  to  so  block  the  road  as  to  keep  irreg- 
tilar  or  delayed  trains  from  accident.  They  are  indeed  a  most  valuable 
substitute,  and  obtain  for  the  line  using  them  almost  the  perfect 
safety  which  the  English  lines  attain  by  sectioning  the  roads  with  men 
m  towers  provided  with  semaphore  signals.  While  our  lines  are  long, 
with  less  frequent  stations  and  fewer  connections  with  switches,  the 
lines  on  the  other  side  have  frequent  stations  and  junctions,  all  of  which 
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must  be  provided  with  interlocking  at  the  outset,  leaving  only  a  mini- 
mum number  of  extra  towers  necessary  to  quite  evenly  block  out  the  road 
for  the  same  purpose  of  keeping  trains  well  and  safely  separated.  Such 
a  system  of  blocking  is  positive,  and  is  all  done  by  semaphores  ;  but  not  so 
with  us,  though  the  automatic  is  intended  to  accomplish  much  of  the 
same  kind,  and  with  rail  circuit  it  may  be  safely  claimed  to  do  more  by 
continuing  it  through  and  under  the  interlocking  application ;  yet  it 
must  ever  continue  to  do  its  work  with  a  permissive  in  the  place  of  a 
positive  value.  Its  use  is  to  indicate  danger,  and  this  only,  and  its 
position  at  safety  is  not  an  order  to  proceed,  only  the  permission. 

With  the  semaphore  this  style  is  changed,  a  signalman  in  attendance 
at  the  tower  directs  by  the  aid  of  the  machine  all  the  movements  which 
involve  conflicting  routes.  The  geography  of  the  road,  known  to  every 
competent  runner,  includes  at  this  place  a  possibility  of  trains  crossing 
his  route,  either  those  of  other  lines  or  some  switching  or  new  directions 
on  his  own  line.  This  district  through  which  he  is  to  pass  is  guarded  by 
stop  signals,  semaphores  horizontal.  Every  avenue  of  entrance  either 
by  side  track  or  back  up  against  traffic  right  of  way  on  the  main  tracks 
should  be  closed  by  a  stop  signal.  The  whole  inclosure  is  guarded  track, 
and  dangerous  for  any  trains  without  the  right  to  enter,  as  shown  by  an 
all  clear  signal,  but  the  stop  signals  are  here  for  a  more  definite 
purpose  than  the  automatic,  which  with  its  unexpected  red  signal 
may  be  found  protecting  a  broken  down  train  on  the  road.  The 
automatic  gives  warning  of  the  unusual  condition  of  danger  on  the 
track  of  an  approaching  train,  but  when  the  interlocking  stands  guard 
the  danger  exists  continually  like  that  of  a  river  running  around  our  city, 
"'  Stop  unless  ordered  to  proceed."  The  runner  no  longer  approaches  an 
interlocked  district  prepared  to  run  until  something  unusual  prevents  it, 
as  at  the  automatic  signal,  but  he  now  prepares  to  come  to  a  stop  at  a 
definite  point  unless  he  can  discover  an  all-clear  semaphore  signal.  The 
home  signal  should  be  located  at  the  fouling  point  first  reached,  that  the 
engine  may  come  close  to  it  but  not  pass  it,  while  the  red  automatic  signal 
and  the  horizontal  distant  semaphore  both  agree  in  indicating  that  the 
train  may  proceed  only  with  caution,  possibly  protecting  a  train  by  so 
doing.  The  all-clear  automatic  has  no  reference  to  the  next  signal  ahead, 
but  the  all-clear  distant  semaphore  furnishes  a  large  assurance  that  the 
next  home  signal  has  been  pulled  and  is  now  open.  Again  the  semaphore 
home  signal  may  be  open  for  an  approaching  train — when  it  should  be 
closed  if  the  signalman  had  not  failed  of  his  duty  to  protect  a  train  which 
had  not  passed  out  of  the  district — and  a  red  automatic  signal  covering 
the  same  district  may  be  used  to  warn  the  approaching  train  of  such  a 
condition.  When  by  reason  of  close  proximity  of  interlocking  machines, 
the  distant  signal  for  one  tower  extends  back  to  the  next  tower,  it  is  usually 
placed  on  the  same  post  as  carries  the  home  signal  for  the  same  route  at 
the  latter  tower  ;  but  the  home  signal  being  the  controlling  sentinel  at  that 
place,  is  placed  the  higher  on  the  post,  and  the  two  signals  are  so  slotted 
together  that  although  the  tower  man  may  pull  his  distant  signal  it  still 
will  remain  horizontal  unless  the  other  tower  man  lowers  his  home  signal. 
At  a  succession  of  towers  provided  only  with  home  signals,  trains  could 
hardly  approach  and  pass  through  curved  yards  at  a  speed  much  over  20 
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miles  piT  liour,  but  wlu'ii  in  addition  distant  signals  are  provided  with 
reasonable  laps,  uidimited  speed  may  be  maintained. 

It  is  of  primary  importance  that  the  signal  operator  sliould  always 
have  i)o\ver  to  put  back  the  signal  to  its  noimal  pf)sition  as  soon  ns  he 
pleases,  even  to  the  extent  of  throwing  up  a  signal  in  the  face  of  an 
a])proaclung  train,  which  might  be  necessary  on  account  of  the  sudden 
development  of  an  obstruction  in  that  route.  Any  sj'stem  of  signals 
which  is  arranged  to  interfere  with  this  freedom  is  faulty  and  should  not 
be  used.  Only  this  modification  is  permissible,  namely,  that  with  a  succes- 
sion of  s'gnals  on  one  route  under  the  signalman,  the  order  of  preference 
will  Iiave  to  be  observed,  the  last  signal  opened,  such  as  the  distant  signal, 
will  have  to  be  the  first  one  put  back. 

The  signal  should  be  returned  to  its  normal  position  as  soon  as  the 
engine  passes.  1st.  In  order  to  check  any  too  clot-ely  following  train. 
2d.  In  order  to  be  prepared  to  give  a  new  route  to  any  train  which  may 
appear  on  some  other  route  and  to  prevent  the  delay  which  might  be 
caused  by  a  freight  train  stealing  into  fhe  first  named  route,  when  by 
right  of  class  of  train  the  train  just  appearing  on  a  conflicting  route 
should  be  passed. 

Home  signals  should  be  placed  as  the  name  indicates,  just  as  close  to 
the  fouling  point  as  the  ground  will  admit.  There  is  no  good  reason  for 
making  any  allowance  for  room  or  leeway  space  between  signal  and  foul- 
ing points.  Enginemen  should  appoach  the  interlocking,  prepared  to 
stop  at  the  proper  places  and  draw  as  near  to  them  as  possible,  so  as  to 
expedite  their  passage  through  the  interlocking  as  soon  as  the  signal  is 
given  them  by  shortening  the  distance  to  be  run.  Long  trains  take  ad- 
vantage of  this  to  get  well  under  the  protection  of  the  distant  signals. 
Interlocking  makes  the  neatest  application  when  the  fouling  space  or 
interlocked  district  is  the  shortest,  and  an  ideal  application  would  be  a 
fouling  space  reduced  to  a  single  line  crossing  the  railroad.  The  nearest 
approach  to  this  exists  when  the  interlocking  simply  covers  the  right 
angle  crossing  of  one  railroad  with  another. 

Manj'  existing  applications  of  interlocking  are  faulty  because  of  in- 
convenient arrangement  and  location  of  the  switches.  An  intelligent 
study  of  a  district  to  be  equipped  will  often  discover  rearrangement  ot  con- 
nections which  can  be  made  so  as  to  reduce  the  outlay  and  greatly  facili- 
tate the  train  movements.  Slip  switches  with  crossing  frogs  often  save 
a  wonderful  amount  of  valuable  room  and  develop  facilities  which 
cannot  be  obtained  in  any  other  way.  For  example,  see  the  yard  of  the 
Grand  Central  depot  in  New  York,  under  an  interlocking  machine  of 
116  levers. 

One  of  the  disadvantages  of  long  distances  in  the  interlocking  exists 
when  a  route  starting  from  a  home  signal  includes  a  facing  point  switch 
a  long  distance  ahead,  such  a  switch,  although  guarded  by  a  detector 
bar  and  facing  point  lock,  may  still  be  subject  to  the  possibility  of  being 
changed  by  the  operator  after  the  home  signal  has  been  passed  b}-  the 
engine.  Conflicting  routes  which  do  not  always  conflict  are  very  com- 
mon under  these  stretched  out  districts,  so  that  sometimes  a  train  may 
enter  and  stop  for  a  station  or  other  cause  and  yet  not  foul  all  the  other 
routes.     It  may  become  desirable  to  hold  the  train  there  and  give  another 
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train  a  route  ;  therefore  this  rule  :  "  an  engine  ichich  stops  inside  the  inter- 
locking loses  its  rights  if  its  signal  is  put  up,  and  may  not  move  again  in 
any  direction  without  a  new  signal^ 

The  signal  should  occupy  a  position  directly  in  the  line  of  view  of  the 
engineman  as  he  nears  it,  and  if  necessary,  bridges  should  be  constructed 
to  attain  this  object,  so  as  to  bring  the  signal  directly  over  the  right-hand 
rail.  Only  in  very  exceptional  cases  is  it  permissible  to  place  the  home 
signal  of  a  speed  route  off  one  track  to  the  right  when  that  track  happens 
to  be  a  siding  not  connected  with  the  interlocking.  When  from  the  route 
of  approach  a  number  of  routes  diverge,  it  is  best  to  unite  all  the  signals 
of  the  diverging  routes  on  a  post  located  at  the  first  fouling  point,  and 
arrange  the  signals  in  regular  order  from  the  topmost  down,  correspond- 
ing to  the  most  extreme  route  to  the  right,  followed  by  the  next  one  to 
the  left  and  so  on.  This  rule  is  arbitrary  and  might  be  just  as  reasonable 
if  the  left-hand  route  was  signaled  at  the  top  of  the  post,  but  natural  cus- 
tom has  established  this  method.  It  is  of  great  convenience  to  have  the 
rule  strictly  adhered  to  in  all  cases,  and  once  understood  no  trouble 
follows.  This  rule  has  had  its  opponents,  who  have  argued  that  the  top 
signal  should  always  be  taken  to  apply  to  the  most  important  route,  but 
though  the  advocates  of  such  practice  have  argued  in  its  favor  for  the 
earlier  and  very  few  applications  of  interlocking  which  may  be  intro- 
duced, they  have,  when  they  came  to  consider  the  possibilities  of  most 
extensive  outlays,  and  four  track  junction  points,  and  large  terminal 
grounds,  yielded  their  first  desires  to  the  prevailing  practice  in  conform- 
ity to  a  rule  requiring  no  exceptions. 

It  is  far  better,  in  order  to  favor  such  speed  service  by  some  prominent 
signal,  to  resort  to  the  practice  of  emphasizing  the  signals  for  speed 
routes.  This  may  be  done  in  various  ways.  1st.  By  varying  the  sizes 
of  the  semaphores.  This  can  be  made  very  conspicuous  and  still  remain 
in  proper  order  on  the  post.  Give  the  speed  route  a  full-sized  arm  and 
give  the  siding  or  branching  routes  small  arms.  At  night  light  the 
speed  signals  with  bull's-eye  lanterns  and  light  the  small  arms  with  re- 
flected light.  2d.  Make  the  use  of  the  distant  signal  dependent  solely 
and  alone  on  the  use  of  the  home  signal  for  the  speed  route,  and  oblige 
all  trains  for  the  slow  routes  to  pass  the  horizontal  distant  signal. 


WOOD  PULP  AND  SOME  OF  ITS  PECULIARITIES. 


By  Mark  L.  Deering,  Member  of  the  Civil  Engineers'  Club  of 

Cleveland. 

(Read  July  13,  1886.) 


It  is  far  beyond  my  ability  at  this  time  to  go  deeply  into  the  subject  of 
wood  pulp.  A  description  of  it  is  a  matter  of  much  difficulty.  To  thor- 
oughly understand  the  material,  manner  of  treatment  and  chemical  agents 
used  in  its  manufacture  to  insure  uniformity  of  texture,  requires  many 
experiments  and  unlimited  time.  What  I  will  say  to  you,  therefore, 
will  be  somewhat  more  in  the  nature  of  personal  experience  and  research 
than  in  a  critical  survey  of  the  works  of  others.     I  will  take  only  a  hasty 
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glance  at  the  history  and  nature  of  wood  pulp,  and  will  try  and  devote 
the  short  time  allotted  this  paper  to  the  discussion  of  the  difficulties  to 
be  overt'ome  in  its  successful  manipulation  in  what  is  known  as  the 
DeeriuK  seamless  barrel. 

Pulp  originally  meant  the  soft  parts  of  bone  and  animal  structure, 
especialb'  the  marrow.  Then  the  softer  ])ortious  of  certain  fruits,  until 
the  diges^ted  straw  and  rags  used  in  making  paper  was  called  pulp.  As 
wood  was  usclI  first  as  an  adulterant  in  paper  making.',  it  naturally  took 
the  name  of  pulp,  not  an  inajjpropriate  one. 

Twenty  years  ago  I  first  became  interested  in  this  subject,  probably 
from  my  curiosity  at  the  novel  manner  of  its  preparation  in  a  wall-paper 
factory  in  New  York  City.  This  was  known  as  "chemical  pulp,"  and 
was  tieated  witli  caustic  soda  and  steam,  and  then  digested.  Very  fine 
wall  japer  was  made  of  this,  and  a  firm  in  New  York,  and  others  who 
started  in  at  tliat  time  as  pioneers  in  the  manufacture  of  wood  pulp,  have 
since  made  immense  fortunes. 

The  woods  generally  used  are  poplar,  wliite  and  yellow  pine,  spruce 
and  Cottonwood  ;  pulp  made  from  the  last-named  being  by  far  the  best 
and  also  much  the  highest  in  price. 

The  general  mode  of  manufacture  is  to  saw  the  logs  up  into  billets  of 
about  one  foot  long,  the  bark  being  then  carefully  peeled  off.  After  this 
the  billets  are  boiled  in  order  to  extract  the  sap,  and  ground  by  means  of 
special  machinery.  After  being  ground  it  is  digested  in  a  vat  with  linen 
stock,  jute  or  other  material,  in  order  that  it  may  possess  the  necessary 
tenacity  of  fibre.  To  give  consistency  and  weight,  clay  is  added,  which 
also  fills  up  the  interstices  and  makes  the  mass  present  a  better  appear- 
ance. Sizing  is  very  necessary  ;  rosin,  glue,  starch  and  sometimes  Irish 
moss  are  mixed  carefully  throughout  until  the  requisite  adhesiveness  is 
obtained. 

The  principal  uses  to  which  it  is  put  are  in  newspaper  stock,  all  fine 
printing  papers,  wall  paper  (almost  exclusively),  water-pails,  tubs,  wash- 
basins, ink-bottles,  boats,  observatorj'  domes  and  gunpowder. 

After  six  or  seven  years  spent  in  designing  special  machinery  for  barrel 
making  in  the  largest  cooperage  in  the  world,  I  found  that  the  principal 
trouble  with  which  we  had  to  contend  was  the  leakage  of  liquids  through 
the  joints,  between  staves  or  elsewhere,  during  shipment.  After  think- 
ing of  this  defect  for  some  time,  I  decided,  in  1879,  to  make  a  seamless 
barrel  of  wood  pulp.  After  six  years  of  constant  research  and  experi- 
ment, I  have  come  to  the  conclusion  that  this  substance  is  one  of  the 
most  discouraging  to  manipulate  which  has  ever  been  taken  in  hand  by 
the  engineer.  The  mere  mechanical  handling  of  the  material  has  caused 
many  thousands  of  dollars  to  be  wasted  in  experiment,  and  the  proper 
curing  or  vulcanizing  as  much  more,  and  satisfactorj'  results  are  yet  to 
be  obtained. 

Some  of  the  more  prominent  examples  might  be  mentioned  casually. 
A  certain  company  in  Akron,  O.,  have  been  trying  for  two  years  to  make 
barrels  of  this  treacherous  material,  and  the  last  I  heard  they  had  yet  to 
make  their  first  one.  A  companj^  in  Hartford,  Conn.,  have  made  thou- 
sands of  good  barrels,  so  far  as  appearance  was  concerned,  but  their  trouble 
was  in  the  final  preparation  to  withstand  the  various  vicissitudes  incident 
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to  the  life  of  a  barrel.  The  difficulty  of  proper  vulcanization  was  the 
rock  on  which  they  split.  An  example  in  this  city  was  a  type  case  fac- 
tory which  demanded  a  large  outlay  of  capital  (something  over  |50,000), 
being  used  in  a  protracted  series  of  experiments.  Notwithstanding  the 
fact  that  they  actually  made  some  good  work,  they  were  obliged  logo  out 
of  business,  sell  their  special  machinery  and  stock  for  a  mere  trifle,  and  give 
up  the  conundrum.  They  couldn't  make  their  Avare  with  any  degree  of 
certainty.  A  company  in  Brooklyn,  N.  Y.,  spent  over  $100,000  trying  to 
make  insulating  material  in  theform  of  pipes  to  carry  underground  cables 
for  telegraph  and  telephone  companies.  This  was  also  a  dead  failure. 
Many  other  examples  could  be  given  of  loss  of  time  and  money  trying  to 
solve  the  problem. 

In  none  of  the  articles  enumerated  above  do  the  difficulties  approach 
in  magnitude  those  experienced  in  the  endeavor  to  make  a  seamless 
barrel,  and  I  have  caused  to  be  placed  before  you  a  miniature  oil  barrel, 
together  with  the  machine  which  made  it.  To  show  that  there  has  been 
at  least  one  good  barrel  made  by  my  process,  I  will  say  that  this  particular 
one  has  been  filled  with  refined  petroleum  for  more  than  five  years  past. 

You  will  notice  that  this  barrel  is  in  one  piece,  all  the  machinery 
necessary  to  form  the  inside  having  been  withdrawn  through  the  bung- 
hole  after  the  barrel  was  completed. 

The  first  difficulty  I  had  to  contend  with  was  in  overcoming  the 
shrinkage.  This  was  exceedingly  variable.  Sometimes  before  the  barrel 
was  fairly  done  the  chimes  and  head  would  draw  apart,  very  similar  to 
the  action  of  cast  iron  under  some  conditions.  It  took  six  months  to 
discover  the  cause  and  prescribe  a  cure,  or  rather  a  preventive,  learning 
all  about  it  at  last  by  pure  accident.  When  that  was  overcome  the 
trouble  was  to  keep  the  shrinkage  constant  throughout  the  process  of 
drying  by  means  of  artificial  heat,  which  was  accomplished  after  many 
further  experiments. 

The  method  of  drying  was  as  follows  :  I  built  a  small  oven  of  wood, 
like  a  dry  kiln,  and  generated  my  heat  with  a  Bunsen  burner.  This  oven 
held  twelve  miniature  barrels,  and  I  raised  the  temperature  very  slowly 
through  the  Fahrenheit  scale  from  100  to  about  250  degrees.  This  treat- 
ment was  all  right  so  far  as  the  small  barrels  were  concerned  ;  they  came 
out  sound  and  true,  and  as  hard  and  solid  as  a  rock.  It  occurred  to  me 
about  this  time,  however,  to  pour  some  liquid  into  the  barrels.  I  tried 
water  first  and  was  very  much  surprised  to  learn  that  it  would  soak 
throtigh  in  every  direction  about  as  fast  as  I  could  pour  it  in.  Refined 
petroleum  was  even  worse.  After  some  experimenting  I  found  that  by 
soaking  the  barrels  in  a  kind  of  varnish,  made  principally  of  rosin  dis- 
solved in  naphtha,  then  treating  the  inside  with  a  bath  of  oil-excluding 
compound,  which  formed  a  sort  of  enamel  on  the  interior,  I  had  a  barrel 
oil  and  waterproof.  Now  I  was  sure  that  if  I  could  get  this  small  barrel 
all  right,  certainly  one  of  full  size  could  be  made  on  the  same  plan. 
Somewhere  around  here  is  where  I  made  a  mistake,  which  led  to  thou- 
sands of  experiments  (and  the  outlay  of  much  more  money  than  is 
creditable  for  me  to  mention)  in  my  endeavors  to  obtain  results  satisfac- 
tory and  constant. 

Some  of  the  engineers  present  have  seen   my   large  machine  at   work 
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turning  out  full  size  oil  barrels,  /.  e.,  of  53  gallons  capacity,  taking  the 
saturated  pulp  and  making  it  into  a  perfect  barrel  without  seam  or  joint, 
turning  out  one  barrel  every  ten  or  fifteen  minutes.  For  the  benefit  of 
those  who  have  not  seen  the  barrels  in  process.  I  will  show  by  these 
drawings,  reference  being  had  also  to  one  of  tlie  barrels,  how  I  managed 
to  get  tiie  hole  inside  of  it  without  adopting  the  well-known  Chinese 
method  of  employing  a  small  boy  to  hold  up  tlie  head  of  each  one  from 
the  inside,  and  then  selling  boy  and  barrel  together. 

In  the  first  place  notice  that  .the  mold  wliich  forms  the  barrel  has  a 
compound  duplex  revolving  motion,  both  speeds  alike  (about  40  revolu- 
tions per  minute)  the  frame  which  carries  the  mold  having  a  direct 
revolution  about  an  axis  lying  in  a  horizontal  plane,  and  the  mold 
proper  having  its  bearings  at  right  angles  to  the  axis  of  the  frame  ; 
taking  its  motion  from  a  stationary  internal  gear  through  the  niedmm  of 
two  bevel  gears,  one  upon  the  mold  and  the  other  stationary  upon  a 
trunnion,  which  was,  in  fact,  one  of  the  bearings  for  the  frame.  The  re- 
volving of  the  frame  caused  the  mold  to  turn  in  an  opposite  direction, 
while  the  mold  was  at  the  same  time  revolving  in  a  vertical  plane.  In 
short,  the  barrel  was  turning  around,  and  at  the  same  time  it  maintained 
a  circular  movement,  end  over  end. 

Prior  to  filling  the  machine  with  pulp,  a  receiver  (which  was  simply  a 
cylinder  of  steel  about  4  feet  diameter  by  8  feet  high)  was  charged  with 
air  and  water,  by  means  of  an  air-pump,  to  a  pressure  or  about  300  pounds 
to  the  square  inch.  The  pulp  was  of  the  consistency  necessary  to  cause 
it  to  flow  freely  through  a  six-inch  pipe,  standing  vertically  between  the 
mold  and  the  tank  on  the  floor  above.  The  mold  being  filled  with 
pulp,  the  former,  or  device  for  deciding  the  thickness  and  conveying  air 
and  water  to  the  centre  of  the  forming  barrel,  and  to  discharge  the  sur- 
plus pulp  from  the  centre  of  the  mass  outwardly,  was  now  inserted  and 
expanded,  making  the  bung- hole.  The  bung-hole  being  made,  the 
machine  was  set  in  motion,  and  when  on  the  first  half  tui'n,  water  from 
the  receiver  before  mentioned  was  admitted  into  the  centre  of 
the  now  forming  barrel,  when  a  pressure  of  about  250  lbs.  to  the 
square  inch  was  obtained.  It  was  held  at  that  pressure  for  about 
one  minute  and  thirty  seconds.  This  supplied  the  forming  barrel 
^vith  water  taking  the  place  of  that  disposed  of  bj-  centrifugal 
force,  and  the  water  admitted  in  the  barrel  kept  it  soft  in  order  that 
the  fibres  might  be  properly  disposed  as  the  machine  revolved.  At  this 
point  I  substituted  air  for  water,  and  with  all  the  pressure  I  could  main- 
tain in  the  receiver  (from  250  to  275  pounds)  the  water  forming  a  very 
effective  cushion  to  take  the  force  of  the  air  and  transmit  the  same  equally 
to  the  layer  of  pulp  behind.  The  machine  revolved  about  2^  minutes 
under  the  air  pressure,  when  it  was  stopped  and  inverted  from  the  posi- 
tion it  held  when  charged.  While  in  this  position  another  connection 
was  made  automatically  through  the  Imnghole  with  the  tank  upon  the 
floor  above,  the  water  and  pulp  that  remained  loose  in  the  barrel  descend- 
ing to  the  bottom  and  being  forced  out  through  the  opening  and  into  the 
tank  from  which  it  was  originally  taken  by  means  of  the  pressure  of  the 
air  within.  The  machine  was  again  set  in  motion,  water  again  admitted 
through  the  same  orifice  as  before  ;    the  machine  stopped  and   inverted 
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as  before.  This  operation  was  again  repeated,  when  the  air  pressure  was 
withdrawn,  the  machine  stopped  in  the  same  position  as  held  originally, 
the  former,  or  pare  that  made  the  bunghole,  collapsed  and  removed,  the 
mold  opened  and  the  fully  formed  barrel  was  taken  out. 

As  soon  as  convenient  the  barrels  were  put  into  a  dry  kiln  which  was 
heated  by  a  wood  fire  to  a  temperature  of  about  250  degrees  Fahrenheit 
and  remained  there  about  36  hours,  being  turned  end  for  end  two  or  three 
times  during  this  period.  They  were  then  taken  out  and  carried  to  the 
vulcanizing  department,  which  contained  a  steam  jacketed  wrought-iron 
tank  filled  with  liquid.  The  barrel  was  inclosed  in  a  cast-iron  skeleton 
frame  of  sufficient  weight  to  carry  it  to  the  bottom  of  the  tank,  and  in- 
sure its  immersion  in  the  vulcanizing  mixture,  mechanism  being  provided 
to  rotate  the  barrel  while  therein.  The  liquor  contained  in  the  tank  was 
a  mixture  of  various  ingredients,  principally  sulphur  and  oil,  and  it  was 
heated  to  a  temperature  of  about  400°  to  5J0°  Fahr.  The  barrel  remained 
in  the  vulcanizer  about  two  hours,  all  the  time  under  action  of  steam  of 
80  to  100  pounds  pressure.  They  were  then  taken  out  and  allowed  to  cool, 
when  a  cast-iron  bushing  was  inserted  in  the  pulp,  forming  the  bunghole. 
Next  came  the  process  of  enameling  the  inside  with  an  oil  proof  compound 
and  painting  the  outside  ;  the  bilge  being  blue  and  the  heads  white,  simi- 
lar to  ordinary  oil  barrels.  A  common  wooden  bung  being  driven  in,  the 
barrel  was  completed. 

To  give  some  idea  of  the  strength  of  this  barrel  when  it  was  ten  minutes 
old,  I  will  say  that  two  medium  sized  men  besides  myself  have  stood  at 
the  same  time  on  the  top  of  one  of  those  barrels,  immediately  after  it 
was  taken  from  the  machine.  One  peculiarity  of  the  barrels  was  that 
they  would  be  far  softer  and  heavier  twenty -four  hours  after  completion, 
if  not  put  in  the  dry  kiln,  than  when  first  made.  This  was  because  of  the 
absorption  by  the  barrel  of  the  moisture  of  the  air,  and  showed  the  tre- 
mendous power  of  the  air  pressure.  A  barrel  of  52  gallons,  with  an  aver- 
age thickness  of  finch,  when  fresh  from  the  machine  would  weigh  about 
75  pounds,  and  when  thoroughly  dried  would  weigh  about  30  to  35 
pounds. 

While  experimenting  with  my  vulcanizing  mixtures,  I  accidently  dis- 
covered that  a  superior  insulating  material  was  the  result  of  a  few  min- 
utes exposure  to  the  contents  of  the  tank,  of  a  common  sheet  of  pulp,  the 
cost  being  merely  nominal,  while  the  quality  was  pronounced  far  supe- 
rior to  the  best  hard  rubber  or  gutta  percha.  I  also  succeeded  in  making 
a  very  good  quality  of  sole  leather  by  a  little  different  process.  So  good, 
in  fact,  that  a  prominent  shoe  manufacturer  fairly  persecuted  me  because 
I  would  not  make  it  for  him,  or  at  least,  tell  him  how  to  do  it. 

Of  course  there  has  been  some  curiosity  as  to  the  cavise  which  led  to 
the  suspension  of  the  manufacture  of  the  Deering  Seamless  Barrel. 
While  I  am  free  to  acknowledge  that  the  subject  is  anything  but  a  cheer- 
ful one,  still  I  feel  it  is  only  due  this  distinguished  Society  of  Engineei's 
that  some  explanation  be  made,  no  matter  how  distasteful  it  may  be  to 
me.  With  this  I  will  close  the  paper  and  leave  it  with  this  Club  and  the 
engineers  of  the  world  to  give  a  solution  to  the  problem  and  perhaps 
some  day  supply  the  missing  link  necessary  to  perfect  success. 

In  the  first  place  my  machine  was  practical,  and  made  a  perfect  seam 
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less  barrel.  Secondly,  I  learned  the  art  of  making  the  fibres  of  tlie  pulp 
porous  enoujjcb  to  allow  tlie  water  to  i)ass  through  the  mass,  and  yet 
witli  enough  adliesive  power  to  withstantl  an  air  pressure  of  800  pounds 
to  the  s<iuare  inch,  and.  during  the  process  of  drying,  I  was  able  to  keep 
the  fibres  from  becoming  disengaged  from  the  main  body  or  from  each 
other,  and  at  the  same  time  maintain  the  barrel  in  perfect  sliape  when 
deprived  of  moisture.  These  two  things  were  accomplished  only  after 
making  hundreds  of  experiments  and  spending  thousands  of  dollars. 
Tlie  only  thing  which  eluded  me  and  caused  the  lack  of  success  in  plac- 
ing the  barrels  on  a  commercial  basis,  was  the  necessary  process  of  giv- 
ing uniform  strength.  It  is  a  fact  that  some  of  them  were  not  strong 
enough  to  withstand  the  hard  usage  incident  to  transportation,  and 
especially  transfers  from  rail  to  water,  or  vice  versa  ;  and  while  a  por- 
tion of  the  barrels  would  come  out  permanently  competent,  others, 
without  apparent  cause,  would  break  in  shipment. 

I  think  I  may  say  in  conclusion  that  the  experiments  were  conducted 
systematically,  and  with  such  measure  of  intelligence  and  inventive 
ability  as  I  was  able  to  bring  to  bear  on  the  subject. 


DISCUSSION  OF  MR.  DEERING'S  PAPER— JULY  13,  1886. 


Mr.  Deering  exhibited  a  sheet  of  chemical  wood  pulp  paper  made  from 
basswood,  and  was  asked  why  he  employs  the  term  chemical. 

Mr.  Deering  :  It  is  made  by  the  wood  being  properly  treated.  After  the 
sap  is  taken  from  it,  it  is  cut  into  short  pieces,  put  into  a  caustic  cylinder 
and  heated.  It  takes  about  six  hours  to  dissolve  it.  When  it  is  first 
dissolved  the  fibre  is  very  long;  then  it  is  shot  out.  It  is  like  a  number 
of  explosions.    Finally  it  is  ground  up  in  the  regular  engine. 

Two  specimens  of  paper  were  then  exhilnted  by  Mr.  Deering.  He  ex- 
plained that  one  quality  v.-as  worth  about  three  cents  per  pound,  the  other 
from  four  and  a  half  to  eight  cents.  The  latter  makes  the  finest  kind  of  writ- 
ing paper.  For  this  purpose  from  85  to  90  per  cent,  of  pulp  is  used  and  some 
linen  added.  Gunpowder  is  made  from  wood  pulp  at  Black  River, 
N.  Y.  It  is  so  inflammable  that  if  you  put  a  match  to  It  it  will  explode. 
I  think  it  is  worth  four  or  five  dollars  per  pound. 

Mr.  Deering  exhibited  a  miniature  oil  barrel,  and  said  this  barrel  was 
made  five  or  six  years  ago.  It  has  been  full  of  oil  ever  since.  The  ma- 
chine in  which  it  was  made  is  entirely  of  iron.  There  is  a  mold  inside 
the  shape  of  the  outside  of  the  barrel.  The  pulp  and  Avater  go  in  to- 
gether. This  part  is  made  of  perforated  brass,  so  that  the  water  can  be 
pressed  through  the  pulp. 

Mr.  Barber  :  What  size  are  the  holes  in  the  brass? 

Mr.  Deering  :  There  are  24  to  the  inch.  In  the  machine  the  pressure 
was  in  two  directions  from  the  centre,  and  there  were  two  kinds  of 
revolutions.  The  centre  of  the  mold  was  the  centre  of  the  machine. 
The  centrifugal  force  threw  the  pulp  out. 

Mr.  Latimer  :  How  thick  could  you  make  the  barrel? 

Mr.  Deering:  I  could  not  regulate  the  thickness.  This  little  barrel  is 
about  a  quarter  of  an  inch  thick.     The  first  one  I  made  cost  me  about 
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fifteen  hundred  dollars.  I  worked  on  it  for  nine  or  ten  months.  In 
some  kinds  of  pulp  the  shrinkage  is  enormous.  These  little  barrels  used 
to  shrink  an  inch  and  a  half.  The}^  were  made  from  straw  pulp.  This 
wood  will  shrink  three-quarters  of  an  inch  to  the  foot.  I  tried  every- 
thing to  stop  shrinkage,  but  without  success.  Ona  day  I  was  out  of  pulp, 
so  I  fell  back  on  some  that  I  had  in  an  old  tub.  I  put  on  a  pressure  of 
about  200  pounds.  When  the  process  was  comijleted  I  opened  the  ma- 
chine and  found  that  I  had  a  little  barrel  there  and  the  rest  was  mush. 
I  found  from  this  that  the  pulp  had  to  go  to  a  certain  stage  of  decompo- 
sition before  I  could  overcome  the  shrinkage.  When  I  was  in  a  hurry,  I 
put  in  an  agent  to  hasten  decomposition.  One  of  the  hardest  things  to 
know  is  how  to  have  the  shrinkage  constant. 

Mr.  Baker  (looking  at  finished  barrel) :  Is  this  lighter  than  the 
wooden  barrel  ? 

Mr.  Deering  :  No, 'sir. 

Mr.  Baker  :  What  is  the  thickness  ? 

Mr.  Deering  :  About  five-eighths^ 

Mr.  Baker  :  Does  painting  check  leakage  ? 

Mr.  Deering  :  No,  it  is  only  an  ornament. 

Mr.  Barber  :  Can  the  wood  pulp  barrels  be  manufactured  as  cheaply  as 
the  wooden  ones  ? 

Mr.  Deering  :  In  this  state  the  material  is  worth  about  20  cents. 

Mr.  Barber  :  Can  you  compete  with  wooden  barrels? 

Mr.  Deering  :  We  can  and  will  in  time.  This  barrel  would  hold  water 
for  a  hundred  years.  You  cannot  soak  water  into  it.  If  water  is  left  on 
top  for  some  time,  you  can  scratch  it,  and  you  will  find  it  perfectly  dry. 
The  sizing  that  is  put  in  is  waterproof  sizing.  When  I  got  this  I  was 
not  looking  for  waterproof  sizing,  I  was  trying  to  make  it  hard.  The 
sizing  used  in  this  little  barrel  is  perfectly  oil  proof,  it  is  milk  and  lime 
mixed  with  the  pulp  as  a  cement.  When  dried  at  about  250°  of  heat  it  is 
perfectly  oil  and  water  proof. 

Mr.  Latimer  :  When  was  that  oil  put  in? 

Mr.  Deering :  About  five  or  six  years  ago.  In  one  of  my  experiments 
I  was  examining  a  barrel  in  which  I  had  gasoline,  I  had  a  lighted  lamp 
in  my  hand  and  I  lowered  it  to  look  into  the  barrel,  I  do  not  know  what 
became  of  the  lamp.  The  barrel  went  into  a  million  pieces,  and  I  had  no 
moustache  or  whiskers  for  months  afterwards.  If,  when  a  barrel  is  being 
made,  I  start  the  machine  and  give  it  ten  turns,  and  then  examine  it  I 
find  the  pulp  in  layers,  for  ten  turns  there  will  be  ten  layers.  The  revolv- 
ing lays  the  fibre. 

Mr.  Latimer  :  What  is  the  difference  between  the  strength  of  that  and 
the  ordinary  barrel? 

Mr.  Deering  :  I  found  that  I  could  not  get  a  uniform  strength  in  the 
mode  of  vulcanization.  I  had  a  stock  farm  raising  cows  to  supply  us 
with  milk,  but  we  were  obliged  to  try  some  other  material. 

A  Member  :  If  the  barrels  were  used  roughly  would  they  break  ? 

Mr.  Deering  :  Yes,  sir.  VVe  shipped  some  to  New  York.  Some  came 
back,  but  others  burst  on  the  road.  This  question  of  strength  is  a  valu- 
able one  to  whoever  can  solve  it. 

Mr.  Barber  :  Where  did  they  break  ? 
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Mr.  Deeriug  :  Wherever  they  were  struck  with  great  force. 

Mr.  IlLTinaun  :  Have  you  tried  the  process  used  in  producing  parch- 
ment paper  ? 

Mr.  Deeriug:  Yes,  sir  ;  but  in  no  process  could  I  get  the  material  to  go 
over  one-eighth  of  an  iutli. 

A  Member  :  Could  you  not  put  something  into  that  pulp  to  make  it 
tenacious  ? 

Mr.  Deering  :  I  might,  but  I  do  not  know  of  anything  but  what  I  have 
tried. 

Mr.  Perkins  :  Do  they  not  make  type  cases  of  pulp  ? 

Mr.  Deering  :  No,  sir.  Pails  are  made  of  pulp,  but  a  pail  is  a  simple 
article.  I  think  some  one  will  solve  the  problem.  Whoever  can  solve  it 
will  have  a  valuable  invention.  I  went  to  five  or  six  chemists  and  made 
them  a  proposition  which  would  pay  them  one  thousand  dollars  if  they 
could  show  me  how  to  overcome  this  difficulty.  One  chemist  worked  on 
it  for  several  months.  I  paid  one  chemist  a  dollar  an  hour  and  he  looked 
into  various  books  and  offered  suggestions  from  them.  I  came  to  the 
conclusion  that  I  could  earn  a  dollar  an  hour  myself.  There  are  in  this 
country,  France,  Germany  and  England  1,600  patents  for  j)aint  and  siz- 
ing.    I  got  all  of  these. 

Mr.  Latimer  :  Do  you  know  that  they  are  making  cross-ties? 

Mr.  Deering  ;  It  is  all  nonsense  talking  about  paper  rails  and  paper 
car  wheels.  The  paper  is  put  in  them,  but  they  are  not  wholly  formed 
from  it. 

Mr.  Baker  :  In  making  cross  ties  you  would  want  tenacity. 

Mr.  Deering  :  You  can  take  sheets  of  paper  and  cement  them  together. 

Mr.  Latimer  :  I  should  judge  that  the  question  is  the  question  of  pres- 
sure. 

Mr.  Barber:  The  manufacture  of  carbons  used  in  electric  lighting  is 
very  similar.  One  method  is  to  press  the  material  through  a  hole, 
another  is  to  force  it  into  the  hole  under  a  pressure  of  about  400  pounds 
to  the  square  inch. 

Mr.  Deering  :  A  sheet  of  pulp  could  be  made  into  a  material  like  that 
barrel  in  two  or  three  minutes. 

Mr.  Barber  :  There  is  a  firm  manufacturing  boats  from  paper.  They 
are  little  shells.     The  sheet  paper  is  probably  used. 

Mr.  Holloway  :  We  are  much  indebted  to  Mr.  Deering  not  only  for  the 
trouble  he  has  taken,  but  for  the  courage  he  has  shown  in  giving  us  the 
details  of  his  experience.  W^e  all  know  something  of  the  personal  atten- 
tion he  has  given  this  manufacture,  the  difficulties  he  has  met  and  the 
ingenious  methods  by  which  he  has  overcome  some  of  them.  We  know 
that  in  spite  of  his  indomitable  perseverance  he  has  sustained  loss  and 
what  appears  to  be  for  a  time  failure  in  this  plan,  yet  he  has  had  the 
courage  to  come  before  us  and  detail  all  his  adverse  experience,  and  give 
us  very  valuable  information.  It  would  seem  that  the  principal  diffi- 
culty he  has  had  has  been  in  the  want  of  cohesiveness  in  the  material, 
and  the  problem  which  waits  to  be  solved  is  to  overcome  this  by  intro- 
ducing some  cohesive  mixture:  This  must  be  very  cheap.  There  is 
hardly  anything  that  may  not  be  accomplished  by  time,  money  and 
brains,  but  the  trouble  is  to  make  a  manufacture  a  commercial  success. 
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I  should  think  that  if  a  substructure  of  woven  wire  were  placed  in  the 
mould  it  would  give  the  necessary  strength,  and  the  pulp  would  make  it 
impervious.  I  dare  say  one  thousand  things  might  be  tried  and  fail.  Th  e 
rapid  destruction  of  the  forests  in  this  country  necessitates  the  discovery 
of  new  methods  for  saving  wood.  The  Standard  Oil  Company  bring 
their  timber  from  the  Gulf  of  Mexico.  Soon  all  the  valuable  pine  tim 
bers  will  be  used  up.     Something  must  be  done  to  replace  this  loss. 

Mr.  Latimer  :  This  question  may  command  a  good  deal  of  engineering 
talent.     All  that  we  can  gather  will  be  of  value  in  solving  this  problem. 

Mr.  Gobeille  :  A  point  that  has  occurred  to  me  is  that  all  articles 
manufactured  from  paper,  such  as  elevator  buckets,  observatory  domes, 
paper  car  wheels  have  something  to  start  with,  but  Mr.  Deering  began 
with  the  thing  itself.  Even  the  Hartford  barrel  is  made  in  three  pieces' 
It  was  a  pretty  bold  thing  to  begin  to  make  a  barrel  in  this  manner. 

Mr.  Baker  :  Does  not  this  pulp  require  wood? 

Mr.  Latimer :  It  is  made  of  twigs  and  small  pieces. 

A  Member  :  Is  not  straw  pulp  available  ? 

Mr.  Deering  :  The  shrinkage  is  so  great  I  could  not  do  anything  with 
it.  With  reference  to  Mr.  Holloway's  remark  as  to  my  covirage  in  com- 
ing here  to  give  the  details  of  my  failure,  it  is  a  question  whether  it  is  a 
failure  or  not.  It  has  cost  a  great  deal  of  money,  but  I  think  that  if  we 
live  ten  or  fifteen  years  we  shall  see  the  barrel  made.  Mr.  Holloway's 
idea  about  the  wire  is  a  good  one,  it  has  occurred  to  me,  but  I  am  afraid 
it  would  not  be  practical.  If  you  put  wire  in,  it  will  not  shrink  as  the 
pulp  does.  This  barrel  is  about  three-quarters  of  an  inch.  They  are 
thin  when  made  ;  the  material  would  shrink  away  from  the  wire. 

Mr,  Holloway  :  The  question  of  shrinkage  had  occui'red  to  me.  The 
shrinkage  is  caused  by  the  water  that  is  held  in  suspension  by  the  outer 
skins  of  the  pulj)  serving  as  valves.  If  the  pulp  could  be  made  in  thin 
sheets  it  would  obviate  the  difficulty.  Mr.  Deering  said  in  his  paper  that 
he  gets  out  more  water  by  the  centrifugal  force  than  by  the  pressure.  The 
trouble  is  that  the  first  pressure  put  on  the  mold  shuts  up  the  openings. 

Mr,  Barber  :  Does  not  the  water  permeate  the  pulp? 

Mr.  Deering  :  The  barrel  is  full  of  water  when  the  pressure  is  let  on. 

Mr,  Latimer  :  I  thank  Mr.  Deering  esijecially  for  having  brought  these 
products  here.  I  am  very  glad  that  these  are  oil  barrels  instead  of  beer 
barrels.  One  woman  said  that  to  paper  we  were  probably  more  indebted 
than  to  any  other  manufacture,  and  especially  because  it  gave  us  the 
records  of  the  past.  The  present  age  will  show  us  new  advantages  from 
its  use.  It  appears  to  me  that  the  difficulty  to  be  overcome  in  this  mat- 
ter is  the  question  of  pressure.  We  know  that  the  upper  layers  of  coal 
are  soft,  and  those  much  deeper  are  hard  and  brittle.  If  sufficient  pres- 
sure can  be  put  on  the  pulp  to  express  every  particle  of  water,  I  think  it 
can  be  made  of  strength  adequate  to  resist  any  blows. 

Mr,  Holloway  :  The  value  of  pressure  is  great,  but  no  amount  of  pres- 
sure can  compress  water.  Water  is  incompressible.  If  Mr.  Deering 
could  drive  the  water  out  of  the  pulp,  he  would  have  a  perfect  barrel. 

Mr,  Deering  :  I  had  some  time  ago  an  offer  from  a  man  to  make  some 
car-wheel  brakes.  He  wanted  to  make  them  of  pulp.  We  had  a 
hydraulic  press,  but  we  never  made  a  shoe.  We  had  not  power  enough 
in  the  hydraulic  press  to  press  the  whole  shoe. 
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Mr.  Latitncr  :  I  saw  one  not  loii^  ago  wlien  I  was  in  New  York. 

Mr.  Deeriug  :  I  jnesunic  lie  makes  them,  but  the  moisture  is  not  all 
pre!>se(l  out.     He  fills  up  the  fibre  afterward. 

Mr.  Gobeille  :  At  the  last  meeting  of  mechanical  engineers  in  Chicago, 
I  saw  ]>aper  car  wheels.  They  are  made  of  sheets  very  thin.  All  the 
pressure  required  is  to  get  these  sheets  very  close  together. 


IMPORTANCE  OF  ECONOMICAL  aENERATION  OF  STEAM 
POWER  TO  THE  DEVELOPMENT  OF  MANUFACTURES  IN 
ST.    PAUL. 


By  F.  T.  Hampton,  Member  of  the  Civil  Engineers'  Society  of  St.   Paul. 
[Read  Juue  7,  1886.] 


During  the  past  year  public  attention  has  been  urgently  directed  by 
the  city  press  to  the  necessity  of  establishing  and  fostering  manufac- 
tures in  this  city,  in  order  to  secure  its  steady  and  permanent  growth. 
The  great  enterprises,  like  the  construction  of  the  Manitoba,  Northern 
Pacific  and  Canadian  Pacific  railroads,  of  which  St.  Paul  was  the  finan- 
cial and  business  centre,  have  been  completed,  and  the  absence  of  the 
stimulus  which  the  execution  of  these  great  works  imparted  to  all 
branches  of  commerce  in  this  city  is  now  being  felt.  The  time  has 
apparently  come  when  St.  Paul  must  seek  to  be  a  producing  as  well  as  a 
distributing  centre,  if  she  would  maintain  that  rapid  progress  that  has 
distinguished  her  career  for  the  past  15  years.  To  this  end  her  citizens 
turn  their  eyes  hopefully  to  manufactures.  I  propose  to  consider  this 
evening  the  most  important  factor  in  the  development  of  this  new  source 
of  wealth  and  greatness — cheap  motive  power. 

There  are  four  essential  elements  in  the  success  of  manufactures  : 
cheap  motive  power,  cheap  raw  material,  abundant  labor  and  a  good 
market.  A  great  market  lies  west  of  us  ;  labor  is  ready  at  hand  or  easily 
supplied  from  fields  near  by.  As  to  raw  material,  soft  woods  are  abundant, 
hard  woods  reasonably  so.  pig-iron  as  accessible  as  at  many  points  now 
noted  for  their  manufacture,  not  counting  the  immense  sources  of  scrap 
that  could  be  made  available  here  ;  grain  cheaper  than  at  any  point  east 
of  Mississippi  River.  These  materials  alone,  if  put  into  marketable  goods, 
would  build  up  an  immense  population.  Furthermore,  the  climate  is 
favorable  to  health  and  vigor  ;  the  natural  and  artificial  advantages,  as 
respects  water  supply  and  drainage,  are  not  surpassed  by  any  city,  and 
cost  of  living  is  gradually  approaching  the  cheapness  of  eastern  towns. 

The  doubtful  element  in  this  question  is  the  expense  of  motive  power, 
I  shall  omit  in  this  discussion  all  consideration  of  water-power,  because 
we  see  the  flour  mills  of  Minneapolis  supplementing  their  turbines  with 
steam  engines  on  account  of  the  irregular  supply  of  water,  and  because  a 
water-power  for  this  city  implies  the  construction  of  vast  hydraulic 
works  in  the  shape  of  dams,  locks,  canals  and  conduits,  costing  millions 
of  dollars  and  requiring  large  expenditures  to  maintain — a  burden  which 
at  Minneapolis  has  been  borne  by  the  general  Government.  "We  may  also 
abandon  all  hope  of  natural  gas  coming  to  our  relief,   as  the  geological 
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structure  of  the  country  precludes  the  possibiHty  of  such  a  discovery 
unless  present  theories  of  geologists  turn  out  to  be  based  upon  false 
premises.  The  only  practical  solution  to  the  difficulty  now  visible  is 
the  use  of  coal,  according  to  the  highest  refinements  indicated  by  thermo- 
dynamics, and  this  brings  me  in  immediate  address  to  my  subject. 

What  is  the  most  economical  method  of  generating  motive  power  for 
general  purposes  by  the  combustion  of  coal,  according  to  the  latest 
investigations  and  best  practice  ? 

No  civil  engineer  can  be  an  idle  spectator  of  what  is  transpiring  in  the 
field  of  engineering  covered  by  this  question,  and  no  busy  mechanical 
engineer  can  fail  to  be  at  some  time  or  other  an  active  participant  in  its 
solution.  In  reviewing  the  history  of  the  heat  engine,  we  find  three 
principal  forms  used  to  convert  the  energy  of  heat  into  the  energy  of 
motion  :    the  steam  engine,  the  hot-air  engine,  the  gas  engine. 

There  have  been  various  other  mediums  used  to  effect  this  conversion, 
such  as  ether  and  ammonia  engines,  but  they  have  long  since  dropped 
out  of  sight  of  the  engineer.  Of  these  three  mechanical  agents,  the  steam 
engine  is  the  most  generally — almost  universally — employed  in  trans- 
forming matter  into  its  various  shapes  for  the  use  of  man. 

The  steam  engine  has  been  an  invention  of  very  slow  growth.  Though 
it  loomed  upon  the  world  over  a  hundred  years  ago,  for  fifty  years  it  was 
a  very  primitive  creation  as  a  machine,  and  if  we  compare  its  efficiencj' 
as  a  mere  heat-engine  to-day  with  what  it  was  in  Watt's  time,  we  have 
nothing  to  be  proud  of  especially.  Our  best  engines  yield  a  horse-power 
to  1|  lbs.  of  coal  per  hour,  and  the  old  Cornish  pumping  engine  gave  a 
horse-power  to  2  lbs.  coal  per  hour.  The  superiority  of  the  modern  steam 
engine  over  Watt's  engine  consists  in  its  mechanical  and  scientific  con- 
struction, in  the  better  iiroportion  of  its  parts  in  respect  to  strength  of 
material  and  the  strains  to  be  resisted,  in  the  adaptation  of  the  machine 
to  a  special  object,  and  its  general  make-up  and  beauty.  Within  the  past 
30  years  the  improvement  of  the  steam  engine  in  these  respects  has  been 
very  great.  Some  of  us,  no  doubt,  are  witnesses  to  these  changes.  We 
can  recall  to  our  memories  the  locomotive  engine  of  ovir  boyhood,  its  up. 
right  cylinders  and  walking  beams,  not  unlike  great  grasshopper  legs,  and 
its  clumsy  cog-wheel  gearing.  It  is  only  a  few  years  back  that  locomotives 
with  inside  connections.  V-hook  motion  and  double  valves  were  used 
everywhere.  All  these  complicated  things  have  passed  away,  and  to-day 
we  have  that  majestic  object,  the  symbol  ef  energy  and  power,  the 
American  locomotive,  in  which  every  part  seems  so  eminently  adapted 
to  its  office,  and  Simplicity  and  efficiency  are  visible  in  the  minutest 
detail. 

In  the  stationary  engine,  we  see  the  same  development  on  scieutific 
and  art  principles.  Every  part  of  the  machine  has  been  the  subject  of 
much  intense  thought.  The  position  of  the  valve  box  ;  the  form  of 
valve  ;  the  governor  and  cut-off  ;  the  fly-wheel  and  counterbalancing  of 
parts ;  and  the  bed-plate  or  frame,  have  received  minute  attention. 
Expansion,  jacketing  and  condensation  have  been  studied  and  practiced 
for  about  all  they  are  worth.  So  he  indeed  is  a  presumptuous  man,  who, 
standing  before  a  modern  compound  condensing  engine,  with  a  nice 
valve  regulation  like  that  of  the  Corliss  type,  says  that  he  can   improve 
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upon  it.  As  a  mechanical  and  scientific  proiluction,  it  is  niy;h  perfection. 
If  our  presumptuous  friend  steps  into  the  boiler  room,  his  self-confident 
air  would  not  be  so  offensive,  for  improvement  is  far  more  prol)able  in 
the  method  of  generating  steam,  though  here  too.  students  and  inventors 
have  labored  incessantly.  Tlie  grate,  the  fire-box,  the  shell  and  flues, 
the  bridge  wall  and  chimney,  the  regulation  of  the  draft,  improvement 
of  combustion  and  prevention  of  radiation,  have  taxed  the  resources  of 
the  best  talent  and  skill. 

And  yet  with  all  these  improvements  the  steam  engine,  as  a  heat 
engine,  is  far  from  being  perfect.  To  illustrate  this  fact  :  if  we  follow 
the  course  of  expenditure  of  one  pound  of  coal  in  the  production  of 
mechanical  power  in  the  best  modern  boiler  and  compound  condensing 
engine,  we  find  that  18  per  cent,  of  its  heat  value  for  power  is  lost  in  the 
furnace,  82  per  cent,  remaining  in  the  boiler.  In  passing  from  boiler  to 
engine,  1  to  2  per  cent,  is  lost,  and  in  passing  through  the  engine  doing 
work,  it  takes  70  per  cent,  of  the  original  heat  units  in  the  coal  to  hold 
up,  we  may  say,  the  remaining  10  per  cent.,  w^hile  the  latter  does  the 
work.  Nine-tenths  of  the  total  heat  units  are  lost  at  boiler  in  imperfect 
combiustion  in  the  gases  up  the  chimney,  and  in  radiation  and  convec- 
tion, and  at  the  engine  it  is  lost  in  radiation  and  in  the  condenser,  the 
larger  part  of  this  total  loss  occurring  in  the  condenser,  and  if  in  a  non- 
condensing  engine  the  loss  occurs  in  the  exhaust.  These  results  are  for 
our  best  condensing  engines  with  high  expansion. 

For  the  best  non-condensing  engines  we  would  realize  about  6  per 
cent.;  for  ordinary  non-condensing  engine,  such  as  found  in  the  average 
factory,  about  3  per  cent. ;  and  when  the  boiler  is  ineflScient  and  attend- 
ance careless,  no  doubt,  not  more  than  2  per  cent,  of  the  total  heat  units 
in  the  coal  are  realized  in  actual  work. 

Now,  while  we  cannot,  under  anj^  jjossible  conditions  of  the  present  tem- 
perature of  the  earth's  surface,  realize  more  than  25  per  cent,  of  the 
dynamic  energy  of  coal  through  the  agency  of  steam,  it  is  not  encourag- 
ing to  the  engineer  that  not  much  over  half  of  the  possible  theoretical 
result  is  yet  reached  by  the  best  steam  apparatus,  and  that  the  average 
steam  engine  and  boiler  do  not  return  us  more  than  one-eighth  of  the 
possible  result. 

The  prospect  of  much  further  economy  in  the  steam  engine  is  not 
bright  ;  its  efficiency  may  be  increased  to  16  or  17  per  cent.,  but  this 
result  involves  the  use  of  very  high  pressures  not  permitted  with  safety 
by  any  style  of  boiler  now  in  use. 

Prohibited  by  this  inexorable  law  from  utilizing  more  than  one-quarter 
of  the  total  energy  of  coal  through  the  agency  of  the  steam  engine,  the 
engineer  has  looked  about  him  for  some  agent  more  liberal  in  effecting  the 
conversion  of  heat  into  motion,  and  none  has  promised  more  than  the 
gas  engine.  Its  discovery  marks  an  important  epoch  in  the  history  of 
heat  engines,  for  the  principle  of  its  action,  as  you  are  well  aware,  is 
very  different  from  that  of  the  steam  engine.  Briefly,  a  hydro-carbon 
gas  is  admitted  into  a  cylinder,  where  it  mingles  with  a  due  proportion 
of  air,  and  is  exploded.  The  resultant  gases  by  their  exjjansive  action 
impel  a  piston  forward,  the  impulsive  action  occurring  once  in  each  revo- 
lution, or  once  in  two  revolutions  of  the  machine.     This  machine   has 
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returned  in  actual  work  22|  per  cent,  of  the  total  heat  units  in  the  gas — 
more  than  double  what  the  best  steam  engine  has  done,  and  what  is  of 
more  importance,  is  the  fact  that  its  field  of  development  is  not  limited, 
like  that  of  the  steam  engine,  but  is  is  theoretically  possible  to  convert 
into  work  four-fifths  of  the  total  heat  units  of  the  fuel.  This  is  the 
horizon  which  limits  our  vision  of  the  future  possibilities  of  the  gas 
engine.  Even  now  an  important  investigation  is  pending.  The  heat  of 
combustion  of  the  gas  within  the  cylinder  is  very  great,  and  in  order  to 
prevent  the  destruction  of  the  machine  by  this  heat,  the  cylinder  is 
jacketed  with  cold  water,  which  is  in  constant  circulation.  The  heat 
absorbed  by  this  water,  till  recently,  was  a  dead  loss,  but  efforts  are  now 
making  to  "utilize  it  in  forming  steam,  which  is  to  be  used  conjointly  with 
the  gas  in  production  of  power.  There  is  no  doubt  that  the23i  per  cent, 
will  be  largely  exceeded  in  the  near  future.  These  results  are  very 
encouraging  to  the  engineer,  viewing  the  gas  engine  simply  as  a  heat- 
motor,  but  to  the  manufacturer  who  looks  upon  this  matter  strictly  in  a 
commercial  light  there  is  a  great  drawback,  at  least  at  present,  in  the  use 
of  the  gas  engine,  and  that  is  the  cost  of  gas. 

A  little  calculation  shows  how  the  case  stands  at  St.  Paul.  Let  us 
take  for  prices,  to  manufacturers  : 

Anthracite,  $6  per  ton  (2,240  lbs.) ;  bituminous,  $4  per  ton  ;  coal  gas, 

$1.70  per  1,000  feet. 

Then  for  $1  we  could  have  : 

Foot  lbs. 
Anthracite,  374  lbs.,  which  at  14,000  uuits  of  heat  to  the  lb.,  give,. .  5,226,000 
Bituminous,  640    "        "        "12,000         "  "  "  "    ...7,680,000 

Coal  gas,  10    "        "        "20,000         "  "  "  "...      200,000 

We  have  here  definite  amounts  of  heat,  costing  $1.  Taking  a  good 
average  boiler  and  steam  engine,  returning  6  per  cent,  of  the  heat  units 
of  coal  as  work  and  the  best  gas  engine  yielding  22^  per  cent.,  the  re- 
sultant work  would  be  in  the  ratio  of  : 

313.560  units  of  heat,  utilized  by  steam  engine,  with  bituminous  coal. 
45,000  units  of  heat,  utilized  by  gas  engine,  with  coal  gas. 

Or  the  work  done  by  the  steam  engine  will  cost  one-seventh  of  that  done 
by  the  gas  engine,  considering  only  cost  of  fuel,  which  is  the  main  thing 
that  concens  us.  Coal  gas  is  here  rated  at  $1.70  per  1,000  cubic  feet.  It  is 
possible,  perhaps,  under  favorable  conditions  that  the  by-products  of 
the  gas  manufactui'e  may  be  disposed  of  profitably  and  the  cost  of  gas 
largely  reduced,  but  it  would  have  to  be  sold  for  25  cents  per  1.000 
feet  before  the  cost  of  the  work  done  by  the  gas  engine  would  be  as 
cheap  as  the  work  done  by  the  steam  engine.  The  general  power  user 
can  take  little  comfort  from  this  exhibit.  For  special  purposes,  requir- 
ing only  small  plant,  and  where  convenience  of  handling  and  cleanliness 
are  regarded,  the  gas  engine  will  fill  a  useful  field,  but  to  the  manufact- 
vrer  at  large  it  offers  little  yet  as  compared  with  the  steam  engme. 

As  to  the  hot  air  engine,  its  sphere  is  restricted,  like  that  of  the  gas 
engine  and  its  possibilities  are  limited  like  those  of  the  steam  engine.  Its 
multiplicity  of  parts  and  greater  weight  for  same  power  make  it  practica- 
ble only  for  small  plant  and  for  peculiar  conditions.  Nothing  seiiou-'ly 
disputes  the  sway  of  steam,  at  least  as  long  as  coal  remains  near  the 
present  prices. 
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It  remains  to  consider,  liow  shall  we  get  tliemaxiiiuim  results  from  coal, 
through  the  agency  of  the  steam  engine.  In  the  treatment  of  this(|uefl- 
tion,  I  shall  not  indulge  in  any  speculation  of  future  deveiojiment  in 
mechanical  science,  but  endeavor  to  look  upon  it  in  a  business  light,  rec- 
ognizing only  the  best  practice  of  the  day,  and  which  we  know  to  be  in 
the  line  of  improvement.  No  startling  or  radical  change  need  be  expected 
in  the  development  of  power  from  coal  for  many  years  to  come.  We 
must  advance  by  slow  degrees.  No  vantage  will  the  engineer  gain  over 
brute  matter  and  mob  forces  of  nature  without  a  hard  struggle.  And 
the  manufacturer  must  depend  for  his  success  upon  the  rigorous  practice 
of  the  small  economies  which  present  sharp  competition  demands. 

The  manufacturer  in  St.  Paul  especially  is  encouraged  in  this  policy, 
since  in  many  products  the  nearness  of  the  field  of  consumption  will 
compensate  for  the  disadvantage  of  long  haulage  of  fuel,  and  in  some 
manufactures,  where  the  cost  of  fuel  bears  a  small  ratio  to  the  cost  of 
labor  in  the  finished  product,  the  conditions  of  manufacturing,  East  and 
West,  would  be  equalized.  Furthermore,  the  general  tendency  of  the 
cost  of  transportation  by  rail  of  crude  raw  material  like  coal  and  iron  is 
downward.  Half  a  cent  per  ton  per  mile  may  now  be  considered  as  the 
basis  of  the  tariff  on  long  hauls,  and  in  another  decade  it  maj'  be  reduced 
to  one  mill  per  ton  per  mile. 

The  lake  rates  are  still  lower,  and  with  improved  means  of  loading  and 
unloading  vessels,  increased  depths  of  harbors,  permiting  larger  vessels, 
together  with  the  deepening  of  the  St.  Mary  Canal,  the  prospect  for 
reduction  of  cost  of  fuel  in  the  Northwest  grows  brighter  every  year. 
With  this  future  before  him,  the  manufacturer  in  St.  Paul  should 
awaken  to  the  situation  and  realize  what  can  be  done  to  place  himself 
more  on  a  par  with  his  Eastern  brother. 

Our  subject  involves  the  consideration  of  economy  in  the  generation  of 
steam,  economy  in  the  conversion  of  steam  into  power,  economy  in  the 
transmission  of  power. 

The  construction  of  the  ordinary  steam  boiler  is  too  well  understood  by 
this  Society  to  require  much  explanation.  It  is  suflScient  to  say  that  for 
use  on  land  they  are  comprised  chiefly  under  two  types — the  cylindrical 
and  locomotive  boiler.  In  the  cylindrical  form  the  shell  is  a  simple 
cylinder  and  the  flues  extend  the  whole  length  of  the  boiler.  The  furnace 
is  formed  of  brick  in  the  setting  of  the  boiler.  The  draught  passes  from 
furnace  under  the  shell  to  smoke-box  or  chamber,  thence  returns  through 
the  flues  to  stack  at  front  end  of  boiler.  The  heating  surface  is  made  up  of 
interior  surface  of  all  the  flues  and  about  two-thirds  of  surface  of  shell. 
The  locomotive  boiler  contains  its  own  furnace,  and  this  feature,  together 
with  the  circulation  of  the  water  around  the  fire-box,  constitutes  its  dis- 
tinguishing peculiaritj".  The  draught  passes  from  the  fire-box  through 
the  flues  to  smoke-box  and  stack  :  heating  surface  is  made  up  of  whole 
interior  surface  of  fire-box  and  all  the  flues.  One  or  the  other  of  these 
types  is  found  in  nearly  every  factory.  Without  comparing  the  relative 
merits  of  the  two  boilers,  both  have  the  defect  of  burning  the  fuel  im- 
perfectly and  of  storing  the  steam  in  a  single  reservoir,  which  greatly  in- 
creases the  danger  of  disaster  on  rupture  of  any  part  of  the  boiler. 

The  average  efficiency  of  these  boilers  as  usually  managed  is  from  four 
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to  five  pounds  of  water  evaporated  (from  212'')  per  pound  of  bituminous 
coal  of  12,000  heat  units.  During  the  past  20  years  some  very  marked 
improvements  have  been  made  in  the  construction  of  boilers,  both  as  to 
economy  of  fuel  and  safety  from  explosion.  Municipal  laws  against  the 
smoke  nuisance,  as  well  as  a  desire  for  gain  on  the  part  of  the  proprietor, 
maj'  have  liad  something  lo  do  with  this  progress. 

I  have  already  observed  that  a  large  part  of  the  thermal  value  of  coal 
is  lost  in  the  furnace  ;  in  the  best  of  boilers  18  to  20  per  cent.,  and  in  the 
average  boiler,  35  to  40  per  cent.  The  prime  cause  of  this  loss  is  the  lack 
of  suflScient  oxygen  in  the  furnace  and  the  consequent  formation  of  car- 
bonic oxide,  instead  of  carbonic  acid  gas,  the  product  of  perfect  combus- 
tion. Combustion  in  most  furnaces  is  so  imperfect  that  it  is  largely  a 
process  of  dry  distillation  of  coal,  like  that  taking  place  in  the  retorts  of 
gas-works.  The  problem  is,  how  to  supply  the  deficiency  of  oxygen.  It 
is  now  generally  admitted,  I  believe,  that  the  introduction  of  cold  air  at 
or  back  of  the  bridge  wall,  or,  in  fact,  in  any  part  of  the  furnace,  except 
through  the  grate,  is  a  mistake,  because  the  temperature  of  the  gases  of 
combustion  is  too  much  reduced  thereby  to  permit  the  chemical  reaction 
to  take  place,  producing  perfect  combustion.  It  is  comparatively  recent 
that  the  true  principle  has  been  recognized,  and  that  is,  to  heat  the  air 
before  it  mingles  with  the  carbonic  oxide.  It  is  an  application  of  the 
principle  of  the  regenerating  method  to  the  steam  boiler. 

To  state  the  point  a  little  stronger,  the  total  heat  units  in  a  pound  of 
carbon  are  14,500.  If  burnt  completely  or  to  carbonic  acid,  we  get  the 
full  thermal  value  of  the  carbou,  and  the  temperatuve  of  the  com- 
bustion on  which  the  formation  of  steam  depends  will  be  4,870°,  the 
highest  attainable  in  the  combustion  of  carbon.  If,  however,  the  combus- 
tion is  imperfect  and  only  carbonic  oxide  is  formed,  we  realize  only 
4,500  heat  units  of  the  pound  of  carbon  and  the  temperature  of  combus- 
tion is  reduced  to  2,700°.  These  are  extreme  cases.  We  can  never  have 
perfect  combustion  in  the  furnace,  and  there  is  always  more  or  less  car- 
bonic acid  formed,  but  these  facts  show  where  we  must  look  for  the 
gi-eatest  advances  in  the  generation  of  steam. 

It  behooves  a  manufacturer,  therefore,  to  keep  well  before  him  this 
principle.  The  room  for  improvement  in  steam  generation  being  very 
f  reat,  many  patents  have  been  taken  out,  each  claiming  to  effect  from 
10  to  25  per  cent,  saving  in  fuel,  but  failing  often  to  fulfill  their  claims, 
proprietors  of  steam  power  have  become  very  chary  of  them  and  look 
at  them  askant,  as  a  railroad  man  regards  a  new  car  coupling.  But  this  is 
unfair,  for  there  is  a  decided  progress  in  this  line  of  engineering,  to  which 
no  large  manufacturer  can  afford  to  close  his  eyes. 

One  of  the  best  received  improvements  in  the  steam  boiler,  or  rather 
setting  of  the  boiler,  is  the  Jarvis  furnace.  It  may  be  simply  described 
as  an  ordinary  brick  furnace  with  flues  in  the  walls,  through  which  air 
circulates,  becomes  heated,  and  is  then  admitted  above  the  fire  and  at 
bridge  wall,  to  mingle  with  the  gases  and  promote  their  combustion.  It 
is  found  that  the  heat  which  the  air  abstracts  from  the  furnace  in 
becoming  heated  in  the  flues  is  well  compensated  for  in  the  improved 
combustion  of  the  gases.  So  perfect  is  this  combustion  that  all  kinds  of 
waste  fuel,  like  fine  coal,  saw-dust,  spent  tan  bark,  etc.,  are  consumed 
without  loss. 
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In  the  past  decade,  a  very  radical  de])arture  has  been  made  in  the  mode 
of  constructing  steam  boilers.  The  change  consists  in  substituting  for 
the  single  large  generating  vessel  a  number  of  smaller  ones.  In  one  form 
tubes  are  used  as  generators,  and  in  another  cast-iron  shells  are  used. 
The  water-tube  boiler  ae  built  by  Babcock  &  Wilcox  and  by  Root,  has 
evidently  come  to  stay.  As  its  name  implies,  it  effects  the  circulation 
of  water  through  tubes,  which  are  united  in  sections  by  cast-iron  end 
connections,  and  the  several  sections  being  united  to  a  common  steam 
drum  above  the  tubes  and  to  a  mud  drum  at  the  back  and  lower  end  of 
the  boiler.  Its  heating  surface  is  made  up  of  the  external  surface  of  all 
the  tubes.  Its  relative  economy  of  fuel  is  1.00  ;  tubular.  0.9  ;  flue.  0.79  ; 
plain  cylinder,  0.C9  ;  locomotive,  0.85  ;  vertical  tubular,  O.S. 

The  principal  objection  to  the  water  tube  boiler  has  been  the  numerous 
joints.  Experience  is  gradually  overcoming  the  difficulty  of  keeping 
these  joints  tight,  and  this  type  of  boiler  is  coming  into  rapid  use  in  the 
East,  notwithstanding  their  higher  cost.  There  is  one  quality  about  the 
water  tube  boiler  that  deserves  particular  notice.  Considering  only  the 
diameter,  the  strength  of  a  cylinder  to  resist  a  bursting  pressure  being 
inversely  as  the  diameters,  a  tube  3  inches  mternal  diameter,  with  a  thick- 
ness of  metal  of  ^\y  inch,  is  three  times  stronger  with  same  pressure  than 
a  boiler  36  inches  diameter  with  a  shell  |  inch  thick,  and  the  capacity  of 
the  tube  to  transmit  heat  is  three  times  greater  than  that  of  the  boiler 
plate. 

Keeping  in  view  this  question  of  fuel  economy.  I  would,  if  laying  down 
an  extensive  steam  plant  in  this  city,  favor  the  water  tube  boiler,  com- 
bined with  the  Jarvis  furnace,  believing  that  they  embody  the  best 
results  to  date  in  steam  generation  for  all  powers  from  20  to  500  horse- 
power or  more.  Certain  conditions  may  sometimes  prevail  making  this 
generator  less  desirable  than  others,  but  in  general  merit  it  stands  at  the 
front. 

A  word  here  as  to  material  for  boilers  may  be  in  place.  Our  profes- 
sion is  well  aware  of  the  conspicuous  part  which  mild  steel  is  now  tak- 
ing in  the  construction  of  boilers.  This  material  has  proved  its  supe- 
riority to  iron  for  this  purpose  by  its  homogeneity.  Chai'coal  hammered 
iron,  unless  made  with  great  care,  is  liable  to  have  a  laminated  struct- 
ure, the  slag  and  other  foreign  matter  not  being  entirely  worked  out  of 
it  under  the  hammer  :  the  successive  folds  of  the  bloom  are  prevented 
from  welding  together,  and  blisters  and  other  defects  result.  But 
Bessemer  steel,  being  rolled  from  an  ingot,  which  is  cast  from  the  liquid 
metal  as  it  comes  from  the  converter,  cannot  be  otherwise  than  uniform 
in  its  texture.  This  quality  of  the  metal,  together  with  its  greater  ten- 
ity,  permits  the  use  of  thinner  plates  than  if  of  iron,  and  more  rapid 
transmission  of  heat.  The  status  of  this  metal  for  boiler  construction  is 
defined  by  the  United  States  Treasury  Department  in  its  steam  boiler 
inspection  laws  : 

A  steel  plate  of  70,000  lbs.  must  stand  a  reduction  of  area  of  4.3  per  cent. 
V  "         65,000  "        "         "  "  "        "    50  "      " 

"  "         60,000  "         "  "  "  "         "    55   "       " 

This  was  a  modification  of  a  jjrevious  law  requiring  65.000  lbs.,  with  a 
reduction  of  53  per  cent.,  and  this  modification  was  made  on  the  com- 


460  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

plaint  of  manufacturers  who  declared  their  inability  to  comply  with  the 
requirement.  This  act  of  the  United  States  Treasurer  indicates  the  gen- 
eral state  of  development  of  this  metal  on  Sept.  1,  1885.  But  a  remark- 
ably good  specimen  has  stood  a  reduction  of  60.45  per  cent.,  with  tensile 
strength  of  64,009  lbs.  and  an  elongation  of  26  per  cent,  in  eight  inches. 

Though  some  prejudice  has  been  created  against  the  use  of  steel  plate 
for  boilers  by  its  alleged  capricious  action,  specifications  are  now  so 
exactiog  that  manufacturers  are  now  producing  a  product  far  superior 
to  the  plate  made  three  years  ago.  On  the  other  hand,  it  is  well  known 
that  the  best  brands  of  charcoal  iron  are  hard  to  obtain,  and  much  that 
is  in  the  market  under  that  name  never  was  made  from  charcoal  pig  and 
perhaps  not  even  worked  under  the  hammer.  In  our  selection  of  boilers, 
therefore,  first  cost  should  not  be  considered.  Our  motto  should  be, 
the  best  material  in  the  best  form,  and  depend  on  the  saving  of  fuel  to 
repay  the  extra  outlay.  This,  I  think,  should  be  the  principle  to  govern 
all  civil  engineers  when  called  upon  to  exercise  their  judgment  or  in- 
fluence in  this  matter. 

Supposing  that  a  manufacturer  has  decided  the  boiler  question,  his 
next  step  is  to  determine  the  best  engine  for  conversion  of  the  steam  into 
power.  At  this  stage  of  his  enterprise  he  may  be  bewildered  by  the 
multitude  of  patterns  offered  him,  and  is  lost  to  decide  what  is  best  for 
his  purpose.  Fortunately,  the  reputation  of  the  builder  is  largely  a  guar- 
antee and  a  protection  to  the  purchaser.  Still  there  are  some  important 
principles  which  every  one  contemplating  the  purchase  of  a  steam  plant 
should  keep  in  view. 

As  high  a  degree  of  expansion  as  possible  — that  is,  useful  expansion, 
should  be  used.  Without  expansion  only  7  per  cent,  of  the  heat  in  steam 
is  utilized  in  work  with  3  fold  expansion,  13  per  cent. ;  with  6  fold 
expansion,  17^  per  cent.;  with  8  fold  expansion,  20  per  cent.  When  coal, 
which  will  give  a  horse-power  to  3  pounds,  costs  $5  per  ton,  and  water 
can  be  had  for  3  to  3|  cents  per  1,000  gallons,  the  highest  economy  in 
fuel  will  be  attained  by  the  use  of  the  compound  condensing  engine. 
Other  things  equal,  we  gain  by  condensation  20  to  30  per  cent,  in  the 
work  done  without  condensation  with  same  amount  of  fuel. 

This  question  settled,  the  details  of  the  machine  come  in  for  considera- 
tion. The  purchaser  should  seek  simplicity  of  design  ;  fewness  of  parts  : 
easy  accessibility  of  parts,  for  examination  and  repairs  ;  means  to  take 
up  wear  ;  good  proportions,  proper  counterbalancing,  etc.  The  valve 
or  valves,  especially,  should  command  careful  study  ;  its  perfect  action 
depending  upon  a  prompt  admission  of  steam  at  beginning  of  stroke,  a 
sharp  cut-off  and  an  equally  prompt  releasement  at  other  end  of  cylin- 
der, with  a  minimum  of  wire  drawing  of  the  steam  and  as  little  com- 
pression, except  what  may  be  necessary  for  cushion.  This  action  to  be 
had  at  all  speeds.  The  observance  of  these  principles  will  enable  him  to 
discriminate  among  the  various  forms  of  cut-offs  now  on  the  market. 

The  management  of  a  steam  plant,  no  less  than  its  selection,  is  one  of 
great  responsibility  and  concern,  audit  would  be  supererogatory  to  dwell 
on  this  point ;  but  one  thing  I  may  observe,  all  proprietors  of  steam 
power  of  any  extent  should  realize  the  indispensableness  of  the  indicator  ; 
it  should  be  regarded  by  them  of  the  same  value  and  with   the  same 


ECONOMICAL  GENERATION  OF  STEAM  POWER.  461 

solicitiule  as  the  olironometer  is  regarded  by  tlie  uavi<>jator  ;  one  iu- 
fornis  tlie  navigator  of  bis  position  in  treacherous  seas,  tlie  other,  if 
properly  handled,  may  save  the  manufacturer  from  tiiiancial  disaster. 
At  present,  the  general  practice  is  to  leave  tlie  nianipulation  of  the  indi- 
cator to  the  men  in  the  engine  room  ;  but  the  apiiaratus  sliould  de8cril)e 
the  diagrams  in  tiie  proprietor's  otlice  at  any  time  lie  de^ires  \)y  simply 
turning  a  cock  or  moving  a  lever,  and  he  sliould  be  able  to  read  the  dia- 
gram with  the  same  facility  that  he  reads  the  market  (luotations  from  a 
"ticker." 

With  these  diagrams  and  the  weights  of  coal  consumed,  an  occasional 
test  on  the  percentage  of  power  consuijied  by  friction  of  machinery  and 
the  quantity  of  his  product,  he  is  in  a  position  to  detect  at  any  time  an 
unusual  eonsumi)tion  of  power  and  to  apply  the  remedy. 

We  have  sui)posed  thus  far  that  the  power  has  been  consumed  direct- 
ly at  its  source  of  generation.  When  manufacturers  are  widely  separat- 
ed, this  is  the  only  plan  before  us  ;  but  as  they  increase  in  large  cities, 
certain  causes  operate  to  bring  them  together  into  one  or  more  large 
communities  ;  they  gravitate  to  low  levels  for  convenience  of  railroad 
transportation,  or  seek  the  banks  of  a  river  for  an  abundant  supply  of 
water  or  water  transportation  ;  or  sometimes  one  large  manufacturing 
enterprise  will  attract  around  it  a  number  of  smaller  ones  which  are  de- 
pendent on  that  and  on  each  other  for  their  raw  material.  When  this 
aggregation  of  manufactures  takes  place,  there  is  an  opportunity  of  car- 
rying out  another  principle  of  economy — and  that  is  economy  in  the 
transmission  of  power.  The  indications  are  that  at  some  day  St.  Paul 
and  Minneapolis  will  offer  a  wide  field  for  a  test  of  the  relative  economy 
of  the  various  methods  of  power  transmission. 

I  will  briefly  notice  the  method  of  transmitting  power  thi-ough  the 
agency  of  steam  conveyed  in  pipes  from  a  central  point  of  generation  to 
many  distant  points  of  consumption,  and  known  as  the  steam  distribu- 
tion system.  This  method  possesses  interest  to  us,  not  only  as  a  means 
of  transmitting  power,  but  heat  for  various  manufacturing  and  domestic 
purposes.  If  we  have  a  given  amount  of  steam  to  generate  from  coal — 
say  oOO  horse-power — we  see  at  once  the  greater  economy  of  producing 
it  from  a  single  plant,  with  three  or  four  attendants  to  nin  it;  with  cheap 
facilities  for  handling  coal,  ashes  and  water;  less  space  occupied;  less 
wear  and  tear,  and  with  skill  and  system,  under  a  single  management, 
than  when  the  steam  is  generated  by  ten  different  and  separate  plants  of 
50  horse-power  each,  each  plant  having  at  least  two  attendants  of  infe- 
rior skill  and  intelligence;  few  and  imperfect  labor-saving  devices  for 
handling  fuel  and  ashes;  less  system  and  order;  less  steam  evaporated 
per  i)0und  of  coal,  and  with  many  extra  expenses  incidental  to  separate 
and  smaller  plants.  Such  would  be  our  view  in  comparing  merely  the 
cost  of  generating  steam  by  the  two  systems.  But  in  the  first  method 
we  have  to  meet  the  difficulty  of  distributing  the  steam  from  the  point 
of  production  to  the  points  of  consumption.  The  chief  difficulties  are 
embraced  under  condensation,  leakage,  metering  the  steam  to  consumers 
and  expansion  of  pipes. 

The  most  extensive  steam  distribution  system  in  the  world  is  that  of 
the  New  York  Steam  Co.,  and  the  data  which  it  has   established  on  this 
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subject  will  be  of  the  greatest  value  to  all  similar  enterprises  that  may 
be  undertaken.  To  Mr.  Chas.  E.  Emery  belongs  the  credit  of  surmount- 
ing the  many  obstacles  and  bringing  the  work  to  a  successful  commer- 
cial basis.  In  its  execution,  great  many  obstructions,  such  as  sewers, 
water  pipes,  gas  pipes,  electric  conduits  and  foundations  were  met  w^th 
and  had  to  be  conformed  to  by  the  steam  pipe  line.  These  obstacles 
would  be  encountered  in  all  cities  more  or  less,  but  perhaps  in  no  such 
degree  as  in  New  York  City.  Leakage  was  considerable,  somewhat  ex- 
ceeding the  loss  by  condensation. 

This  system  Avent  into  operation  in  April,  1882,  and  steam  has  been  fur- 
nished constantly  ever  since,  ^t  present  its  boiler  capacity  is  8,700 
horse-power,  located  at  one  station,  wbere  provision  is  made  for  16,000 
horse-powers,  and  location  for  ten  other  stations  have  been  purchased. 
The  Babcock  &  Wilcox  boiler  furnishes  the  steam.  These  boilers,  of  250 
horse-power  each,  occupy  three  stories  of  a  building  standing  on  a  lot 
75  X  120,  16  boilers  to  a  floor,  only  35  boilers  as  yet  required.  The  com- 
pany has  5  miles  of  mains  varying  from  6"  to  16",  and  2  miles  of  service 
pipe  3"  diameter.  The  pipes  are  laid  in  brick  trenches  and  insulated 
with  mineral  wool ;  condensation  comparatively  small.  For  the  8,700 
horse-power  the  loss  from  condensation  is  only  150  horse-power,  allow- 
ing 30  pounds  of  water  to  a  horse-power.  Good  steam  coal  costs  in  New 
York  about  $3  per  ton  2,240  pounds,  one  pound  of  which  will  evaporate 
9  pounds  of  water  from  212°,  so  the  loss  in  24  hours  from  condensation 
would  be  SJ  tons  of  coal  in  a  total  of  304  tons  consumed — about  ly^  per 
cent.  Leakage  amounts  to  a  little  more,  the  total  loss  amounting  to  3f 
per  cent,  nearly.  This  would  be  equivalent  to  an  evaporation  at  point  of 
consumption  of  Sj%  pounds  of  water  per  pound  of  coal,  an  efficiency  that 
is  not  reached  by  the  average  boiler  in  St.  Paul  and  Minneapolis,  such 
plant  as  at  water-works  station  and  in  the  flour  mills  of  Minneapolis  ex- 
cepted. 

If  such  results  have  been  attained  in  Ne\v  York  City,  where  the  diffi- 
culties of  execution  have  been  so  great,  bow  much  more  feasible  is  such 
a  system  in  St.  Paul  and  Minneapolis,  which  are  comparatively  in  their 
infancy,  and  where  it  is  possible  to  anticipate  this  work  before  the  subter- 
ranean street  is  encumbered  with  innumerable  passages  and  pipes.  If 
they  find  it  economy  there,  where  the  best  coal  has  been  loaded  on  ships 
for  $2.50  per  ton,  much  more  so  here  where  we  have  to  pay  from  $4  to 
$5  for  not  as  good  coal. 

I  should  notice  that  in  the  early  part  of  this  undertaking  in  New  York, 
some  explosions  of  subterranean  steam  pipes  occurred  which  made  the 
general  public  very  timid  about  them.  The  real  facts  are  that,  as  in  all 
such  enterprises,  when  there  is  a  prospect  of  good  dividends,  a  rival  com- 
pany stepped  in,  and  in  using  imperfect  devices  for  trapping  the  con- 
densed steam,  or  none  at  all,  led  to  mishap,  which  brought  the  whole 
practice  of  steam  distribution,  for  the  time,  into  bad  repute  ;  but  since 
that  corporation  withdrew  from  the  field  and  various  details  have  been 
perfected  by  the  present  company,  the  value  of  the  system  has  begun  to 
be  appreciated.  I  believe  its  introduction  into  these  cities  would  be  a 
great  boon  and  boom  to  them,  and  it  would  be  a  wise  policy  if  they,  in 
keeping  with  the  progressive  spirit  for  which  they  are  noted,  should 
place  themselves  abreast  of  the  times  in  this  engineering  advance. 


PROGRESS  IN  ELECTRIC  LIGHTING.  4G3 

Leaving  the  systems  of  power  transinissioa  by  compressed  air,  electri- 
citj'  and  wire  cable  to  their  proper  lields,  for  tiiey  have  tliein,  I  would 
propose  steam  distribution  as  one  of  the  most  etYective  agents  in  reduc- 
ing the  cost  of  steam  for  power  and  teciinical  purjKJses,  especially  to 
small  industries.  This  system,  in  conjunction  with  tlie  best  classes  of 
boilers,  skillful  and  better  paid  service,  a  greater  familiarity  by  pro- 
prietors with  their  plant  and  their  increasing  watchfulness  over  it,  will 
contribute  more  towards  effecting  an  economical  reform  in  the  produc- 
tion of  power  from  coal  than  any  other  means  now  visible  on  the  horizon 
of  the  industrial  world. 


PROGRESS  IN  ELECTRIC  LIGHTING. 


By  N.  S.  Possons,  Member  of  the  Civil  Engineers'  Clib  of  Cleveland. 
[Read  June  23,  1886.] 


I  recently  had  occasion  to  send  an  expert  to  erect  an  electric  light  plant 
in  the  yards  and  repair  shops  of  a  railroad  company.  The  Superintend- 
ent was  one  of  those  capable  men  who  desired  to  learn  all  particulars 
relative  to  the  apparatus,  and  yet  was  so  fearful  of  the  machine  you  could 
scarcely  get  him  near  it,  for  he  said  "The  Almighty  grappled  for  a  time 
with  electricity,  and  failing  to  control  it,  sent  it  into  the  world  for  man 
to  wrestle  with."  The  romance  of  our  day  consists  of  the  wonderful 
performances  of  electricity  and  steam,  far  outrivaling  the  deeds  of  the 
past ;  and  to  this  topic  to-night,  in  so  far  as  it  relates  to  electric  lighting, 
I  propose  to  call  your  attention. 

Every  mechanic  has  a  fair  idea  of  the  almost  endless  variety  of  me- 
chanical combinations  hy  which  electric  light  can  be  maintained,  and 
the  lively  interest  taken  by  the  public  in  the  development  of  this  science 
is  found  in  the  fact  that  scarcely  a  month  passes  but  some  new  system 
buds  into  existence.  That  some  companies  have  a  profitable  career  be- 
fore them  is  not  an  open  question  ;  that  others  will  regret  that  thej-  have 
rushed  after  electrical  apparatus  with  less  judgment  than  enthusiasm  is 
equally  certain. 

The  interest  excited  by  the  present  active  progress  in  invention  has 
caused  us  to  overlook  in  a  measure  the  early  period  of  forty  years  ago, 
when  many  inventors'  attention  was  turned  in  this  same  direction.  The 
names  of  Straite,  Wiight,  King  and  a  few  others  are  well  known,  but 
works  recently  published  fail  to  bestow  upon  them  their  full  meed  of 
praise  ;  but  it  is  a  recognized  fact  that  manj-  patents  of  an  early  day 
clash  dangerously  with  some  modern  inventions. 

The  principal  reason  why  the  inventions  of  the  early  days  failed  was 
the  want  of  a  cheap  and  practicable  dynamo  ;  the  earlier  means  em- 
ployed for  generating  currents  being  from  batteries.  The  earlier  savants, 
Elias  and  Paccinoti,  did  not  dream  of  generating  currents  from  their 
machines,  but  only  of  utilizing  the  current  to  generate  motive  power, 
although  the  motor  constructed  might  have  been  made  available  for  the 
former. 

The  principle  which  governs  the  conversion  of  mechanical  into  electr- 
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cal  energy,  or  the  production  of  electric  currents,  I  will  endeavor  to 
explain  in  a  simple  way.  All  know,  who  have  given  the  subject  atten- 
tion, that  electric  lights  are  produced  from  powerful  currents  of  elec- 
tricity generated  in  a  machine  containing  magnets  and  coils  of  wire,  and 
driven  by  a  steam  engine  or  water  wheel.  The  modern  dynamo  machine 
may  be  summed  up  as  a  combination  of  cast  iron  and  copper  wire,  certain 
parts  being  fixed,  while  others  are  made  to  revolve  by  mechanical  force. 

By  "  D^'namo '  is  meant  machinery  for  converting  the  energy  of 
mechanical  motion  into  the  energy  of  electric  currents,  or  vice  versa. 
In  this  definition  are  only  included  those  machines,  the  action  of  which 
is  dependent  on  the  principle  of  electro-magnetic  induction  discovered  by 
Faraday  in  1831.  The  name  dynamo-electric  machine  appears  to  have 
first  been  used  by  Dr.  Siemens,  and  describes  a  machine,  the  currents  of 
which  were  induced  in  the  coils  of  a  rotating  armature  by  the  action  of 
electro-magnets,  which  were  themselves  incited  by  the  current  so  gener- 
ated. Some  systems  of  electric  lights  require  alternating  currents,  pro- 
duced in  machines  which  cannot  incite  their  own  magnets  with  a  con- 
tinuous magnetization.  A  dynamo  is,  however,  a  dynamo,  no  matter 
whether  the  magnets  are  incited  by  the  whole  of  its  own  currents  or  by 
a  part.  In  so  much,  however,  as  every  dynamo-electric  machine  will 
work  a  motor  we  can  scarcely  regard  the  dynamo  as  a  generator  on  the 
one  hand  and  as  a  motor  on  the  other. 

To  understand  how  it  is  that  by  moving  a  wire  so  as  to  cut  magnetic 
lines  of  force  we  can  generate  a  current  of  electricity  in  that  wire,  let  us 
inquire  what  electricity  is.  A  piece  of  wire  through  which  a  current  is 
passing  looks  in  no  way  different  from  any  other  wire  ;  no  one  has  ever 
seen  the  current  running  along  or  knows  exactly  what  changes  are 
goii  g  on  there,  nor  can  one  tell  which  way  the  electricity  flows.  Until 
we  get  some  idea  of  what  electricity  is,  we  must  not  hope  to  know  what 
a  current  of  electricity  is,  and  when  an  electric  current  flows  through  a 
wire,  the  magnetic  force  resides  not  in  the  wire,  but  in  the  space  sur- 
rounding it.  This  space,  commonly  known  as  the  field,  is  full  of  mag- 
netic "  lines  of  force,"  and  these  lines  run  from  "  N  "  pointing  pole  fo  the 
"  S  "  pointing  pole  of  the  magnet  invisible,  their  presence  being  known 
by  dusting  filings  into  the  field.  "When  these  filings  are  dusted 
into  the  field,  they  assume  the  form  of  concentric  circles,  show- 
ing that  the  lines  of  force  completely  encircle  the  wire.  To  set 
up  these  magnetic  whirls  requires  an  expenditure  of  energy,  and 
to  keep  them  up  requires  also  a  constant  expenditure  of  energy. 
It  is  these  magnetic  whirls,  which,  acting  on  the  magnets, 
cause  the  needle  of  a  galvanometer  to  assume  a  position  at  right 
angles  with  the  conducting  wire.  Thus  we  have  Faraday's  principle, 
that  by  moving  a  wire  across  a  space  in  which  there  are  magnetic  lines, 
as  the  wire  cuts  across  these  magnetic  lines  it  sets  up  magnetic  whirls, 
or  in  other  words,  generates  a  current  of  electricity  in  tliat  wire.  If, 
however,  a  single  coil,  or  ring,  be  moved  along  in  a  uniform  magnetic 
field  so  that  the  same  lines  of  force  pass  through  it,  no  current  will  be 
generated.  It  is  necessary  that  the  moving  conductor  should  in  its 
motion  so  cut  the  lines  of  force  as  to  alter  the  number  of  lines  passing 
through  the  circuit  of  which  this  conductor  forms  a  part.     The   naore 
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powerful  the  field  the  stronger  will  he  the  current  generated.  The  more 
rapid  the  motion  the  stronger  the  current.  Api)r()aching  a  magnetic 
field  sets  up  a  current  in  one  direction  ;  receding,  a  current  in  the  oppo- 
site direction.  By  the  use  of  a  suitable  commutator  or  collector,  all  the 
currents,  direct  and  inverse,  which  are  produced  as  before  explained, 
by  approach  or  recession,  can  be  turned  in  the  same  direction  in  the 
wire  that  goes  to  supply  the  external  circuit,  thus  yielding  an  almost 
constant  current.  An  electro-magnet  is  twenty  times  stronger  than  a 
permanent  magnet. 

To  construct,  then,  a  successful  dynamo-electric  machine,  the  following 
lines  should  be  observed  : 

Give  the  armature  the  greatest  length  of  wire  comprising  the  coils 
and  as  large  as  is  consistent  in  diameter,  to  avoid  undue  resistance. 
Make  the  field  magnets  strong  and  keep  the  poles  near  together. 

Unfortunately,  it  is  not  always  possible  to  realize  all  the  above  condi- 
tions, as  one  is  incompatible  with  the  other,  and  many  additional  condi- 
tions must  be  observed. 

Theory  shows  that  if  the  intensity  of  the  magnetic  field  be  constant, 
the  electromotive  force  should  increase  proportionately  with  its  speed. 
Now,  if  the  iron  in  the  field  magnets  be  not  magnetized  nearly  to  satu- 
ration, the  increase  of  speed  produces  nearly  the  same  increase  in  the 
strength  of  the  magnetic  field.  This  increase  will  re-act  on  the  electro- 
motive force  and  cause  it  to  be  more  nearly  as  to  square  of  velocity  ;  but 
since  the  magnetization  of  the  iron  is  far  from  the  saturating  point  and 
not  proportional  to  the  magnetizing  force,  it  is  found  in  practice  that  the 
enery  is  proportional  to  the  fourth  power  of  the  speed.  Consideration 
forbids  too  great  a  rate  of  speed  of  the  moving  parts,  and  a  safer  line  is 
followed  by  a  medium  speed  and  most  powerful  electro-magnets,  it 
being  essential  that  the  dynamo  maintain  a  steady  current  with  constant 
potentials,  or  as  may  be  better  understood,  by  pressure  to  preserve  all 
the  lamps  in  the  circuit  of  an  even  brilliancy.  A  steady  uniform  speed 
is  requisite  for  successful  lighting,  a  gas  engine  being  out  of  the  ques- 
tion ;  we  need  the  best  sensitivelj-  governed  steam  engine  or  good  water- 
power. 

We  can,  perhaps,  make  far  closer  measurements  in  electrical  matters 
than  is  generally  undei'stood.  A  convenient  system  of  describing  the 
capacity  of  a  dynamo  by  experts  has  been  based  upon  the  fact  that  the 
output  of  electrical  energy  is  found  by  multiplying  the  quantity  of  cur- 
rent (designated  amperes)  and  the  difference  of  potential  through  which 
it  is  moved.  This  being  expressed  in  volts,  the  product  will  be  a  certain 
number  of  volt-amperes,  or,  as  is  more  usually  termed,  watts.  Since 
746  watts  equal  one  electrical  horse-power,  to  this  we  must  add  the  re- 
sistance of  the  dynamo  machine,  the  friction  of  bearing,  and  thereby 
arrive  safely  at  the  actual  power  absorbed  at  the  pulley  of  the  machine. 

Taking  incandescent  lamps  as  now  manufactured,  a  16  c.  p.  lamp 
requires  approximately  55  watts.  Thus,  ycu  will  note,  for  every  indi- 
cated horse-power  we  obtain  13  lamps,  or  10  lamps  per  net  h.  p. 

Again  with  lamps  (arc)  of  2000  c.  p.  and  ten  amperes  of  current  and 
45  volts  of  potential,  we  have  about  450  watts,  or  about  four-sevenths  of 
an  electrical  horsepower. 
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There  is  an  enormous  difference  between  the  relative  capacities  of  ma- 
chines of  different  types.  Great  improvements  have  been  made  of  late 
in  the  capacity  of  machines,  and  especially  in  improving  their  capacity 
relatively  to  the  weight  of  copper  in  the  armature. 

Mr.  Brush  in  1884  increased  the  capacity  of  his  machine  fully  47  per  cent, 
by  abandoning  the  cast-iron  ring  armature,  and  substituting  in  its  stead 
a  ribbon  armature  built  of  thin  ribbons  of  iron  and  insulating  each  layer. 
Every  condition  which  contributes  to  the  waste  of  energy  of  the  current 
reduces  the  efficiency  of  the  machine. 

Mechanical  friction  of  the  moving  parts  can  be  reduced  to  a  minimum 
by  due  mechanical  arrangements.  But  one  thing  cannot  be  obviated; 
because  even  the  best  known  conductors  have  a  certain  resistance,  we 
cannot  expect  to  prevent  the  heating  of  the  conducting  coils,  and  the 
more  powerful  the  current  generated  by  the  dynamo,  the  greater  does 
the  source  of  waste  become.  There  is  but  one  way  to  reduce  this,  and 
that  is  by  increasing  the  size  of  the  machine.  For  this  reason  large 
machines  are  advocatpd,  not  for  any  admiration  of  mere  bigness,  but  be- 
cause large  machines,  like  large  engines,  may  be  made  more  efficient 
than  small  in  proportion  to  their  cost. 

The  Brvish  Co.  have  recently  completed  for  the  Cowles  Smelting  Co. , 
of  this  city,  a  mammoth  dynamo  for  the  extraction  of  aluminum  from 
corundum.  This  machine  possesses  the  greatest  output  of  any  electric 
machine  in  the  world,  its  capacity  being  3,800  amperes  and  100  volts 
E.  M.  F.,  over  500  electrical  h.  p.  The  armature  of  this  machine  is  42 
inches  in  diameter,  and  is  constructed  after  the  improved  type.  The 
ribbon  is  wound  circular,  with  projecting  cross  pieces  inserted  at  inter- 
vals to  separate  the  convolutions  and  the  better  to  admit  of  free  circulation, 
and  with  projections  as  support  for  the  coils.  These  coils,  or  bobbins, 
are  16  in  number,  and  are  wound  in  double  layers  with  three-eighths  inch 
copper  wire.  This  ring  is  mounted  upon  a  hub  made  from  10  per  cent, 
aluminum  brass,  and  weighed  in  the  rough  cast  400  lbs.  This  particular 
casting  has  a  tensile  strength  of  67,000  pounds  to  the  square  inch,  with  an 
elongation  of  5  per  cent.  The  copper  comprising  the  coils  weighs  1,000 
pounds,  and  the  whole  armature  and  hub  4,300  pounds.  The  shaft  is 
made  from  Otis  steel,  and  is  13  feet  long  by  5i  inches  diameter.  The 
field  magnets,  of  which  there  are  eight,  weigh  in  the  casting  500  pounds 
each,  or  a  total  of  4,000  pounds  ;  upon  each  magnet  is  750  pounds  of  in- 
sulated wire.  The  commutators,  of  which  there  are  two,  are  10  inches 
in  diameter,  and  13|  inches  long.  The  cable  leading  to  the  binding  posts 
are  eight  in  number,  each  composed  of  strands  one  inch  in  diameter. 
This  machine  weighs  fully  10  tons,  and  is  of  the  type  known  as  the  shunt 
wound,  and  will  run  6,000  incandescent  lamps  of  16  c.  p. 

In  all  systems  of  artificial  lighting,  the  light  is  produced  by  incandes- 
cence or  glowing  of  solid  particles  of  matter.  The  heat  necessary  to 
produce  this  can  be  arrived  at  in  many  ways.  Ordinary  gas  coal  con- 
sists of  combustible  gas,  freely  charged  with  particles  of  carbon,  which, 
becoming  highly  heated  by  the  gas,  glow  and  produce  the  light.  If  the 
solid  particles  are  removed  the  combustion  of  the  gas  produces  no  light  ; 
as  for  instance,  if  gas  is  mixed  with  a  sufficient  quantity  of  air  it  oxi- 
dizes, and,  while  we  obtain  a  greater  degree  of  heat,  we  get  no  light  at 
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all.  Af^ain,  if  we  burn  jjiiie  liydrogen  gas,  a  flame  giving  greater  luat 
will  be  obtained,  but  no  light,  because  tlie  hydrogen  contains  no  solid 
particles.  We  see,  therefore,  to  produce  light  we  must  heat  a  solid 
body  to  incandescence. 

Solid  bodies  can  become  heated  by  the  passage  of  a  current  of  elec- 
tricity througii  them.  There  isa  class  of  conductors  along  which  a  cur- 
rent of  electricity  can  be  made  to  flow,  as  a  current  of  water  through  a 
pipe.  There  is  also  a  class  called  insulators  along  wliich  currents  will 
not  flow.  No  substances  are  quite  perfect  either  way  ;  the  best  conduct- 
ors otfer  some  resistance,  and  the  best  insulators,  allow  currents  to  leak 
through  them.  For  our  purpose  metal  and  carbon  are  the  classified  con- 
ductors ;  highly  rarefied  or  intensely  heated  air  and  gases  may  also  be 
regarded  as  conductors  ;  and  all  other  solids  and  air  and  gas  at  ordinary 
temperature  may  be  called  insulators.  Conductors  differ  greatly  in 
themselves  in  facility  to  conduct  currents  of  electricity.  Platinum  wire 
offers  5  to  6  times  the  resistance  of  cojiper  of  the  same  diameter  and 
length.  The  resistance  increases  for  small  wire  inversely  proportional  to 
its  cross  section. 

We  now  see  again  that  the  electric  current  has  given  us  means  of 
taking  heat  from  the  engine  and  conveying  to  a  distance;  that  is,  to 
every  portion  of  the  wire.  So  long  as  the  wire  is  same  diameter,  the 
resistance  is  same,  and  the  heating,  therefore,  same  in  all  its  parts.  If, 
however,  we  cut  our  wire,  and  insert  a  piece  of  fine  platinum  wire  in  the 
circuit,  in  form  of  a  spiral,  a  great  portion  of  the  heat  will  be  concen- 
trated in  one  spot,  and  instead  of  now  being  uniform,  heat  will  take  place 
in  the  spiral.  We  now  note  that  the  heat  used  has  been  expended  in 
forcing  current  through  a  resistance,  and  not  in  producing  electricity 
itself.  Desiring  to  concentrate  heat  at  a  given  point,  we  place  a  body  of 
sufficiently  high  resistance  at  that  point  and  force  so  strong  a  current 
through  it  that  it  glows  and  gives  light.  This  principle  is  embodied  in 
electric  lamps  of  all  kinds. 

The  commercial  success  of  electric  lighting  depends  then  entirely  upon 
a  cheap  resistance,  either  indestructible  or  easily  and  cheaply  renewed. 
It  would  be  impracticable  to  use  platinum  wire,  as  this  fuses  at  a  tem- 
perature of  2,000"  C,  and  further,  if  heated  in  air,  all  known  substances 
oxidize  or  burn  away.  Carbon,  either  alone  or  in  conjunction  with 
heated  air,  satisfies  in  a  measure  the  condition.  It  has  never  yet  been 
fused.  In  the  incandescent  lamps  of  Swan,  Edison  and  Maxim,  the  re- 
sistance used  to  convert  the  current  into  heat  is  of  a  fine  thread  of  car- 
bon, wrought  to  a  high  incandescence  and  protected  from  oxidation  by- 
being  hermetically  sealed  in  glass  bulbs  from  which  all  the  air  has  been 
exhausted.  These  lamps  last  for  many  months,  if  not  wrought  to  too 
great  heat.  In  the  arc  lamp  the  current  is  through  two  carbon  rods  or 
pencils  which  touch  each  other,  end  to  end,  separating  by  mechanical 
arrangement  in  the  lamp  as  sooq  as  the  current  is  established,  and  con- 
tinues through  the  heated  air,  which  is  a  partial  conductor  of  high  re- 
sistance. Great  heat  is  produced  ;  the  ends  of  the  carbon  rods  glow  with 
an  intense  whiteness  ;  small  particles  of  carbon  become  detached  and 
are  heated  in  the  air  between  the  poles  and  form  an  arc.  which  adds  to 
the  light.     The  carbons  consume  slowly  away,  and   are   fed   by   gravity. 
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As  this  arc  becomes  long  the  resistance  increases  ;  the  electro-magnets 
become  weakened,  and  the  rod  is  released  by  mechanical  means,  and  the 
carbons  feed. 

In  describing  machines  and  lamps  I  have  endeavored  to  give  a  general 
idea,  not  confining  myself  to  any  particular  system,  some  of  which  1 
x"egard  as  good,  others  actually  bad,  in  order  that  an  idea  of  the  science 
may  be  brought  to  your  notice.  The  possibilities  of  electric  lighting  are 
veiy  great,  and  I  firmly  believe  that  the  day  of  universal  electric  light- 
ing will  be  in  the  near  future,  and  hope  to  see  in  every  house  the  incan- 
descent lamp.  For  while  we  may  have  seen  failures  in  the  past  we  have 
also  seen  the  steady  growth  of  success.  Invention  after  invention  has 
stood  the  test,  not  in  its  experimental  stage,  but  after  months  of  trial. 
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Mr.  Holloway  :  With  regard  to  electric  horse-power,  I  would  like  to 
ask.  what  is  the  loss  between  the  engine  and  the  resultant  ?  What  is  the 
waste  ? 

Mr.  Possons  :  The  loss  varies  in  machines  of  different  types.  My 
familiarity  with  various  types  of  dynamos  leads  me  to  believe  that  the 
Brush  machine  as  now  constructed  gives  the  greatest  efiSciency.  The 
armatures  generate  electricity  by  revolving  between  two  iron  pole-pieces. 
The  loss  consists  principally  in  the  resistance  of  the  wire,  the  resistance 
of  the  armature  and  the  resistance  of  the  frictional  bearings.  It  amounts 
to  20  per  cent. ;  we  get  80  per  cent,  of  the  energy  expended.  Running 
the  motor,  we  get  a  double  loss.  We  get  20  per  cent,  loss  in  the  dynamo, 
20  per  cent,  in  the  motor  and  perhaps  5  per  cent,  in  leakage.  We  get  a 
net  efficiency  of  55  per  cent. 

Mr.  Holloway  :  The  loss  is  less  than  I  supposed. 

Mr.  Barber  :  Is  there  loss  in  the  arc  machine  from  leakage  of  the  cur-- 
rent? 

Mr.  Possons  :  The  machines  are  so  constructed  as  to  give  a  constant 
current,  and  variable  electromotive  force,  governed  by  speed  of  dynamo. 
This  current  is  about  10  amperes,  and  measures  the  same  in  all  parts  of 
the  circuit  ;  hence  no  perceptible  loss.  The  resistance  of  a  perfectly 
insulated  wire  is  infinite.  1  had,  recently,  occasion  to  measure  the  resist- 
ance of  insulation  on  the  steamer  City  of  Cleveland.  There  are  17  circuits  ; 
the  actual  resistance  on  15  circuits  open  was  587,000  ohms.  Two  of  the 
circuits  measured  175,000  ohms  ;  there  was  leak  existing  there. 

A  Member  :  How  do  you  explain  that  term  resistance  as  applied  to 
electricity  ? 

Mr.  Possons  :  The  resistance  of  a  conductor  means  that  property  which 
determines  the  amount  of  electricity  that  can  traverse  it  in  a  given 
interval  of  time  from  a  definite  source  of  electricity.  The  quality,  the 
physical  condition,  and  the  form  of  the  conductor  cause  the  resistance  to 
vary. 

Mr.  Sargent :  I  would  like  to  see  if  I  understand  that  55  per  cent.  Sup- 
pose we  generate  electricity  at  the  coal  mines,  could  we  deliver  the  horse- 
power expended  ? 

Mr.  Possons  :  You  could,  less  the  resistance  of  the  wire  from   the  coal 
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mines  here  :  assuming  that  j'ou  would  use  tlio  best  coniinctin^  metal  that 
you  could  get,  you  would  lose  4.")  per  cent 

Mr.  Warner :  What  does  2,000  candle-power  mean,  and  how  do  you 
arrive  at  this  measurement? 

Mr.  Possons  :  It  moans  the  arc  in  its  best  condition,  that  is,  measured 
at  an  angle  of  45degi-ees.  We  arrive  at  tins  by  a  photometric  test  ;  but 
this  test  is  entirely  a  matter  of  guess-work,  unless  one  is  familiar 
with  it,  since  the  light  of  the  standard  candle  used  is  yellow  and  tlie  arc 
lamp  white. 

Mr.  Hollo  way  :  What  do  you  mean  by  electromotive  force  ? 

Mr.  Possons  :  By  electromotive  force  I  mean  what  engineers  call 
pressure.  It  takes  45  volts  of  electromotive  force  to  run  each  lamp,  with 
the  constant  current  as  before  explained  ;  hence,  we  can  run  as  many 
lamps  in  one  circuit  as  the  dynamo  will  furnish  this  amount  of  pressure 
for, 

Mr.  Hollo  way  :  Would  Mr.  Possons  explain  the  feeding  of  the  carbons? 

Mr.  Possons  :  I  can  give  you  a  crude  idea.  The  feeding  mechanism 
of  the  lamp  is  composed  of  differential  magnets  or  solenoids.  The  current 
encircling  these  causes  suction  of  pole-pieces,  which  are  mechanically 
connected  with  a  lifting  finger  and  clutch-washer.  This  device  separates 
the  carbon,  starting  the  arc.  As  the  carbon  burns  away,  its  resistance 
becomes  greater,  less  current  goes  around  the  suction  magnets,  the  pole- 
piece  is  lowered,  which  in  turn  releases  the  clutch-washer,  and  the  carbon 
feeds  by  gravitation. 

Mr.  Holloway  :  You  speak  of  a  field.  That  field  is  atmospheric.  Is  it 
influenced  by  the  location  of  the  dynamo  ? 

Mr,  Possons  :  No,  sir.    The  electricity  from  the  earth  is  static  electricity, 

Mr,  Sargent :  Can  you  demonstrate  the  presence  of  electricity  ? 

Mr.  Possons  :  You  can  demonstrate  it  by  sprinkling  iron  filings  upon  a 
magnet  through  which  a  current  is  flowing.  These  filings  will  arrange 
themselves  about  the  magnet  and  assume  polarity.  The  dynamo  machine 
gets  better  as  it  gets  older.  It  is  assumed  that  the  molecules  are  work- 
ing all  the  time,  and  they  assume  a  certain  polaritj*.  There  are  no  two 
dynamos  made  of  the  same  strength.  To  get  a  certain  output  from  every 
machine,  we  var}^  from  50  to  100  revolutions. 

Mr.  Sargent :  Till  these  molecules  assume  their  best  position,  wliat 
gain  is  there  ? 

Mr.  Possons  :  The  machine  will  gain  in  six  months  about  one  lamp. 

Mr.  N.  B.  Wood  :  To  obtain  a  given  result,  a  machine  must  be  run 
varying  from  50  to  100  revolutions.  Does  that  make  any  difference  in 
the  power  ? 

Mr.  Possons  :  No,  sir  ;  the  electrical  OTiti)utof  the  machine  is  the  same. 

Mr.  Holloway  :  If  a  machine  was  run  in  vacuum,  what  would  be  the 
result  ? 

Mr,  Possons  :  The  same  as  now,  I  think. 

Mr.  Warner  :  If  the  machine  was  in  vacuum  and  insulated,  would  it 
generate  electricity  as  well? 

Mr.  Possons  :  Yes,  sir. 

Mr.  Wood  :  We  do  not  look  upon  electricity  as  a  thing,  it  is  the  essence 
of  a  thing. 
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Mr.  Barber  :  You  must  have  connection  with  the  outside  air  to  deliver 
the  current,  and  also  wire  to  connect  it.  I  cannot  conceive  of  the  ma- 
chine working  perpetually  unless  there  is  a  circuit  round. 

Mr.  Wood  :  You  might  have  a  pipe  run  all  round. 

Mr.  Warner  :  If  the  machine  were  in  vacuum  and  insulated,  would  the 
iron  filings  you  speak  of  be  collected  round  the  magnet  ? 

Mr.  Possons  :  The  iron  filings  simply  show  the  current  along  the  wire, 
that  it  was  generated  in  the  field  of  that  wire. 

Mr.  Richardson  :  With  which  armature  would  the  output  be  the 
greater  ?    You  mention  two  forms. 

Mr.  Possons  :  It  would  be  greater  with  the  ribbon  armature.  In  the 
cast-iron  armature  you  attract  focal  currents,  and  in  the  ribbon  armature 
you  have  few  cross-currents.  In  the  cast-iron  armature  you  get  heat, 
and  in  the  ribbon  armature  you  get  very  little  heat. 

A  Member  :  How  do  you  distinguish  between  capacity  and  efiiciency  ? 

Mr.  Possons  :  By  capacity  we  mean  what  it  is  capable  of  doing.  Effi- 
ciency is  what  we  gain  between  the  old  armature  and  the  new  by  the 
same  expenditure  of  power.  We  run  the  ribbon  armature  faster  than 
the  other.  The  amount  that  a  given  machine  will  produce  depends 
upon  the  size,  the  resistance,  the  velocity  and  the  strength  of  the  field 
magents. 

A  Member  :  I  have  read  of  three  different  armatures.  One  is  made  in 
the  ordinary  magnet  form,  surrounded  with  a  proper  coil  and  mounted 
so  that  it  may  be  rotated  in  front  of  the  poles  of  the  field  magnet,  the 
Siemens  armature,  in  which  the  coil  is  wound  longitudiuallj  in  deep 
grooves  cut  into  the  opposite  sides  of  a  spindle  of  iron  ;  and  then  there 
is  the  ring  armature — I  believe  that  is  used  in  the  gramme  machine.  In 
that,  a  solid  iron  ring,  an  inch  or  more  in  thickness,  has  its  coil  wound 
longitudinally  in  and  out. 

Mr.  Possons :  The  forms  of  armatures  dififer  with  their  types  of 
machines.  My  explanation  relates  more  particularly  to  the  Brush.  The 
relative  position  of  pole-pieces  and  magnets  governs  its  shape.  The  bob- 
bin in  the  Brush  extends  in  fan  shape,  the  better  for  cooling  purposes. 

Mr.  Sargent  :  Some  suppose  that  the  electricity  resides  in  the  earth, 
and  some  that  it  is  connected  with  the  sun-spots.  Has  anything  been 
determined  with  regard  to  its  inner  nature? 

A  Member  :  People  formerly  spoke  of  the  electric  fluid,  but  investi- 
gations show  that  this  is  not  the  correct  term.  Electric  matter  is 
also  inappropriate.  Some  medium  that  is  not  matter,  but  which  fills 
space  and  apparently  is  continuous,  is  proved  to  exist  by  the  phenomena 
of  light  and  heat.  It  is  not  atomic  or  molecular  in  its  structure.  This 
medium  is  so  related  to  matter  that  the  vibrations  of  atoms  and  molecules 
generate  waves  in  it  which  travel  outward  in  straight  lines  from  the 
vibrating  body  with  the  velocity  of  186,000  miles  per  second.  Electrical 
phenomena  are  always  developed  when  two  different  substances  are 
brought  into  contact,  or  when  two  different  substances  in  contact  are 
heated,  either  bj'  friction  or  the  application  of  heat.  It  is  proved  that 
the  electrified  body  does  in  some  way  affect  some  medium  that  surrounds 
it.  The  velocity  of  this  movement  has  been  measured  in  various  ways, 
and  has  been  found  to  be  approximately  the  same  as  the  velocity  of  light ; 
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this  leads  to  the  conclusion  that  the  medium  must  be  the  same  in  both  cases. 
In  the  "  Encyclopaedia  Britannica,"  electricity  is  defined  as  a  physical  con- 
dition of  ordinary  matter  tliat  manifests  itself  in  two  ways  :  1st,  by  in- 
ducinjx  in  the  adjacent  etheraparticular  condition  of  the  nature  of  a  stress; 
and,  2d,  by  being  jiropagated  with  great  velocity  in  some  kinds  of  matter, 
which  are  hence  called  conductors.  All  the  other  observed  effects  are 
secondary. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


October  20,  1886  :  A  regiilar  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  and  called  to  order  at  7:40  p.  M.,  Vice-President  L.  Fred.  Rice  in 
the  chair  ;  twenty-nine  Members,  four  visitoi's  present.  The  record  of  the  last 
meeting  was  read  and  approved. 

Mr.  Theodore  P.  Perkins  was  elected  a  Member  of  this  Society. 

Messrs.  N.  Henry  Crafts,  George  Alexander,  and  Joseph  R.  Worcester  were 
proposed  for  membership,  recommended  respectively  by  H.  Manley,  H.  L.  Eaton, 
E.  H.  Gowing,  B.  C.  Mudge,  D.  H.  Andrews,  John  Worcester. 

On  motion  of  Mr.  Dexter  Brackett,  it  was  voted  :  That  a  vote  of  thanks  be 
extended  the  management  of  the  Fitchburg  and  Troy  &  Greenfield  railroads  for 
courtesies  extended  the  Society  during  the  excursion  to  the  Hoosac  Tunnel.  Also 
to  the  manager  of  the  Old  Colony  Railroad,  and  Mr.  Charles  S.  Bates,  of  Cohasset, 
for  courtesies  extended  during  the  visit  of  the  Society  to  the  Cohasset  Water- 
Works,  Cohasset,  Mass. 

Prof.  Gaetano  Lanza  addressed  the  Society  on  the  Action  of  the  Reciprocating 
Parts  in  a  Steam  Engine  and  Modes  of  Balancing  it  in  a  Locomotive. 

Mr.  Desmond  Fitz  Gerald  gave  a  Description  of  the  Berlin  System  of  Sewerage, 
principally  taken  from  the  Annales  des  Ponts  et  Chauss^es. 

[Adjounied.'i  H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


October  20,  1886  :— The  Club  met  at  8  p.  m.  in  the  directors'  room,  Mercantile 
Library,  President  McMath  in  the  chair;  fourteen  Members  and  two  visitors 
present. 

The  minutes  of  the  meetings  of  April  14  and  June  16  were  read  and  approved  ; 
also  the  report  of  the  meeting  of  the  executive  committee  on  September  1. 

There  being  no  regular  programme  prepared  for  the  evening.  President  McMath 
called  the  attention  of  the  Club  to  that  part  of  the  proceedings  of  the  recent  meet- 
ing of  the  American  Society  of  Civil  Engineers  referring  to  the  advisability  of  a 
closer  union  of  engineering  societies. 

The  Secretary  read  extracts  from  the  published  proceedings,  in  which  the  Ameri- 
can Society  had  directed  inquiries  to  be  made  as  to  the  sentiment  of  its  own  Mem- 
bers and  that  of  the  engineering  societies.  No  official  communication  having 
reached  the  Club,  the  matter  was  discussed  in  an  informal  way  by  Messrs.  Moore, 
Johnson,  Seddon,  McMath  and  Potter.  The  sentiment  of  the  Club  seemed  to  be 
opposed  to  any  action  that  might  necessitate  a  change  in  existing  local  organi- 
zations, but  in  favor  of  a  union  of  publications. 

Prof.  Johnson  explained  the  failure  of  a  raised  series  of  seats  at  Washington 
University. 

Prof.  Potter  spoke  on  the  superiority  of  the  steel  nail  as  now  made. 

It  was  moved  that  the  President  fill  up  the  membership  of  the  Committee  on 
Smoke  Prevention  and  report  his  action  to  the  next  meeting  of  the  Club;  carried. 

Adjourned  subject  to  the  call  of  the  President.  W.  H.  Bryan,  Secretary. 
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WESTERN  SOCIETY  OF  ENGINEERS. 


Septembkr  7,  1880  :— The  328th  meeting  was  held  at  7:30  i*.  m.,  President 
Wright  in  the  Chair. 

The  iiiimitos  of  the  preceding  meeting  were  read  and  a])provi'(l. 

Appheations  to  be  admitteii  to  membership  were  received  from  : 

Theodore  H.Bacon,  Assistant  Engineer,  Dubwiue  ct  Nortliwestern  Railway, 
Dubuque,  Iowa. 

Leslie  Warren  Goddard,  Draftsman,  94  Washington  street,  Chicago. 

The  following  i)ersons  were  elected  Members  and  Associates  : 

James  Wilbur  Carrier,  Assistant  Engineer,  Chicago  &  Alton  R.  R.,  Chicago. 

Eilgene  Dietzgen  (Associate),  Manufacturer  of  Engineers'  Supplies,  774  Sedg- 
wick street,  Chicago. 

John  Herron,  Assistant  Engineer,  Montana  Central  Railway,  Helena,  Montana. 

Edwin  A.  Hill,  Acting  Chief  Engineer,  Indianapolis,  Decatur  &  Sprmgtield 
Railway,  Indianapolis,  Ind. 

Otto  Luhring,  Manufacturer  of  Engineers'  Supplies,  749  N.  Wells  street, 
Chicago . 

Otto  William  Meysenburg,  Manufacturer,  185  Dearborn  street,  Chicago. 

Goorge  Rosen  Simpson,  Patent  Office,  Washington,  D.  C. 

John  Townseud,  Engineer  and  Manufacturer,  185  Dearborn  street,  Chicago. 

Mr.  E.  H .  Beckler  was  transferred  from  the  grade  of  Junior  to  that  of  Member. 

The  President  announced  the  death  of  one  of  the  Society's  earliest  Presidents  and 
one  of  its  most  valued  Members,  Mr.  Ellis  S.  Chesbrough,  and  that  at  the  next 
meeting  Mr.  Benezette  Williams  would  read  a  Memorial  paper. 

It  was  voted  that  the  next  meeting  should  be  of  a  memorial  character  in  respect 
to  Mr.  Chesbrough's  memory. 

Mr.  Williams,  Manager  for  the  Society,  presented  a  bill  from  the  Association  of 
Engineering  Societies,  for  the  first  installment  of  an  assessment  made  August  23, 
amounting  to  S159,  which  was  ordered  paid. 

Professor  I.  O.  Baker  read  a  paper,  "  Drainage  of  Large  Areas  in  Ilbuois." 

Papere  on  the  question  of  pavements  on  residence  streets  were  presented  and 
read  by  Mr.  L.  P.  Morehouse  and  Mr.  S.  A.  Bullard. 

lAcIjoxirned.]  L.  P.  Morehouse,  Secretary. 


October  5,  1886  :— The  229th  meeting  was  held   at  7:30  p.   m.,   President 
Wright  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Application  to  be  admitted  to  membership  was  received  from  : 

Mr.  Arthur  H.  Bell,  City  Engineer,  Bloomington,  111. 

The  following  persons  were  elected  Members  : 

Theodore  H.  Bacon,  Assistant  Engineer,  Dubuque  &  Northwestern  Railway, 
Dubuque,  Iowa. 

Leslie  Warren  Goddard,  Draftsmen,  94  Washington  street,  Chicago. 

Mr.  Beuezette  Williams  read  a  memorial  paper  on  Ellis  S.  Chesbrough. 

On  motion  of  Mr.  Liljencrautz,  it  was  voted  that  the  memorial  paper  be  printed 
and  a  copy  sent  to  the  family  of  Mr.  Chesbrough. 

Remarks  on  the  character  of  Mr.  Chesbrough  were  made  by  Messrs.  Wright, 
Morehouse,  Artingstall  and  Jones. 

The  Secretary  read  a  reply,  by  Mr.  J.  Freeman  Clarke,  to  the  criticism  of  Mr 
Gottlieb  on  the  paper  on  "  Long  Span  Bridges,"  presented  by  Mr.  Clarke  at  the 
April  meeting. 

The  Secretary  called  attention  to  the  portrait  of  President  Wright,  which  had 
just  been  placed  in  the  Society's  room. 

[Adjourned.]  L.  P.  Morehouse,  Secretary. 
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CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


AtJGUST  10,  1886  :— Regular  meeting  held. 

As  both  the  President  and  Vice-President  were  absent,  on  motion  Mr.  J.  H. 
HoUoway  occupied  the  chair. 

The  minutes  of  the  last  two  meetings  were  read  and  approved. 

The  report  of  the  committee  on  the  annual  picnic  of  the  Club  appointed  at  the 
last  meeting  was  received  and  accepted . 

The  total  expense  of  the  picnic  was $42  83 

Amount  received  from  sale  of  tickets 38  60 

Leaving  a  deticiency  of 4  23 

Which  the  Club  authorized  the  Treasurer  to  pay  from  the  Club  funds. 

The  Secretary  reported  that  a  number  of  applications  for  membership  had  been 
received  and  referred  to  the  committee  on  membership,  but  that  action  had  been 
taken  by  only  one  of  the  committee,  the  other  two  members  being  absent  from 
the  city. 

Upon  motion  by  Mr.  Rawson,  it  was  resolved  that  the  niles  should  be  suspended 
and  that  the  Club  should  vote  upon  the  names. 

The  following  gentlemen  were  then  elected  active  Members  :  Alfred  Clarke, 
Harry  W.  King,  James  W.  Pierce  and  G.  A.  Wegner. 

Resignations  were  accepted  from  the  following  gentlemen:  A.  B.Richmond, 
D.  Appel,  J.  B.  Merriam,  W.  M.  Day  and  J.  B.  Strawn.  The  name  oi  Mr. 
William  T.  Blunt  was  taken  from  the  roll  of  active  Members  and  placed  on  the 
list  of  corresponding  Members. 

A  communication  was  read  from  Mr.  A.  Benjamine,  of  Euclid  avenue,  Cleve- 
land, asking  the  Members  to  discuss  the  sanitary  aspects  of  the  proposed  sewer  on 
Euclid  avenue. 

Upon  a  motion  by  Mr.  Rawson,  the  letter  was  ordered  filed  and  the  correpond- 
ing  Secretary  advised  to  notify  Mr.  Benn'amin  that  it  was  not  considered  advisable 
for  the  Club  to  discuss  this  subject,  as  it  is  understood  to  be  a  financial  rather  than 
a  sanitary  question. 

Mr.  Theodore  Rosenberg  then  read  an  interesting  paper  on  "  The  Di'ainage  and 
Plumbing  in  Dwellings." 

After  a  discussion  of  Mr.  Rosenberg's  paper,  the  Club  adjourned. 

CM.  Barber,  Recording  Secretary. 


September  14,  1886  : — Regular  meeting  held.  In  the  absence  of  the  President, 
Vice-President  Swasey  occupied  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved .  A  letter  from  Presi- 
"  dent  Latimer  was  read  by  the  Secretary  expressing  his  regret  that  he  was  unable 
to  be  present  and  hear  the  lecture  of  Prof.  Michelson. 

Introducing  the  speaker  for  the  evening,  the  Chairman  said  :  ' '  By  invitation  of 
the 'Committee  on  Scientific  Pursuits,  we  have  with  us  a  gentleman  whose  experi- 
ments in  the  field  of  science  have  gained  for  him  not  only  a  national  but  a  world- 
wide reputation." 

Albert  A.  Michelson,  Ph.  D.,  Professor  of  Physics  in  Case  School  of  Applied 
Sciences,  then  gave  an  address  on  the  "  Velocity  of  Light  in  Air  and  Refracting 
Media." 

The  address  was  received  with  applause.  Upon  motion  by  Mr.  Eisenmann, 
Prof.  Michelson  was  unanimously  elected  an  honorary  Member  of  the  Club  in 
acknowledgment  of  his  valuable  contributions  to  science. 

[Adjourned,}  C.  M.  Barber,  Recording  Secretary. 
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INDEX  DEPARTMENT. 

ANNUAL   SUMMARY. 

It  is  proposed  to  fvmish,  in  this  department,  as  complete  an  Index  as  may  be 
of  current  engineering  literature  of  a  fragmentary  character.  A  short  note 
toill  he  appended  to  each  title,  intended  to  give  sufficient  information  to  enable 
the  reader  to  decide  whether  or  not  it  is  worth  his  while  to  obtain  or  consult  the 
paper  itself.  The  Index  ivill  be  mostly  limited  to  society  and  magazine  article's, 
and  special  engineering  reports  of  general  interest  and  value.  It  is  printed  in 
the  monthly  issues  of  the  JouRNXl.,  on  but  one  side  of  the  paper,  so  that  the 
tith's  may  be  cut  out  and  pasted  on  cards  or  in  a  book,  and  is  here  collected  with 
additionitl  titles  and  7nanv  cross-references. 

All  readers  of  the  Journal  are  requested  to  aid  in  making  the  Index  as  com- 
plete as  possible.  All  notices  for  this  department,  and  all  matter  to  be  here  in- 
dexed, should  be  sent  to  J.  B.  Johnson,  Manager  Index  Department,  Washing- 
ton Universiiy,  St  Louis,  Mo. 


Aerial  Navigation.  Gen.  Thayer's  System  of  Dirigible  Balloons,  either  moving  on 
wire  "balloon-ways,"  or  wholly  disconnected  from  the  earth.  Fully  illustrated,  in 
Sc.  Am.,  Dec.  26, 1885. 

Air.  Flow  of,  throuc/h  Orifices  ni  a  Thin  Plate.  By  A.  Fiiegner.  Gives  formula 
derived  from  experiments  made  with  orifices  from  3.17  to  11.36  millimeters  in 
diameter.     Van  Nos.  Eng.  Mag.,  Vol.  XXV^.,  p.  217. 

in  Large  Towns.    A  paper  by  William  Thomson  on  the  injurious  effect  of  the 

air  in   large  towns   on  animal  and  vegetable  life,  and  the  methods  of  securing  a 
salubrious  air.     Van  Nos.,  Eng.  Mag.,  Vol.  XX.,  p.  488 

Air-Compressor,  Notes  on  a  Water-Column.  By  Louis  Brunin.  Describes  an  inven- 
tion for  utilizing  the  power  lost  in  allowing  water  to  flow  from  the  upper  levels  of 
mines  to  the  lower  level  to  be  pumped.     Van  Nos.  Eng.  Mag.,  Vol.  XXL,  p.  1. 

Air-Liocks  and  Shaft  Tubes,  The  Construction  and  Testing  of.  Advocates  the  periodic 
testing  of  all  chambers.  Air-locks  not  to  be  used  over  1 ,500  days.  Shaft-tube  good 
for  5,000  days.    By  B  L.  Brennecke.    .Engineer,  May  7,  1 886. 

Aluminium  and  its  Alloys,  in  the  Electric  Furnace,    a  lecture  before  the  Franklin 
Institute  describing  the  methods  used  by  the  Cowles  Electric  Smelting  and  Alu- 
minium Company  at  Cleveland,  O.    Illustrated.    Jour.  Frank.  Inst.,  Feb.,  1886. 
Description  of  the  same.    Engineer,  July  9,  1886. 

Anemometers,  Whirled.  Gives  results  of  experiments  made  on  the  grounds  of  the 
Crystal  Palace  with  whirled  anemometers.     Van  Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  285. 

Aneroid  Profile.  BvT.  W.  Floyd.  Describes  the  method  of  observation  and  com- 
putation adopted  with  the  aneroid  barometer  on  Western  surveys.  Van  Nos.  Eng. 
Mag.,  Vol.  XXVI.,  p.  273. 

See  Barometer. 
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Aqueduct,  The  New  Croton.    A  series  of  illustrated  articles  in  Sanitary  Engineer. 

Also  see  Sc.  Am.,  Nov  7,  1885,  for  map,  profile,  and  interior  views  of  tunnels. 
.'  Sanitary  Inspection  of  the  New  Croton.    Along  article  abstracted  from  the 

report  of  tbe  New  York  State  Boara  of  Health.    Sanitary  Engr.,  May  37,  1886;  also 

Engr.  News,  May  29,  1886,  gives  interesting  data  relating  to  accident  in  the  tunnel. 
Of  Segovia.    A  brief  description  of  the  Roman  aqueduct  at  Segovia.      Van  Nos. 

Eng.  Mag.,  Vol.  XXI.,  p.  298. 
Arch.    By  A.  J.  Du  Bois.    Application  of  the  new  method  of  graphical  statics  to  the 

solution  of  stone  and  iron  arches.      Van  Nos.  Eng.  Mag.,  vol.  13,  p.  341. 
,  Fall  of  Beton.      A  short  description  of  the  b6tou  arch  on  the  Piraeus  &  Corinth 

R.  R.,  Greece,  which  fell  on  the  removal  of  the  centring.    Illustrated.    R.R.  Gazette, 

June  2.5,  1886. 
Bridges.    By  W.  H.   Baker.    Gives  an  investigation  of  the  theory.      Van  Nos. 

Eng.  Mag.,  Vol.  XXll.,  p.  33. 
Improvements  in  the  construction  of  stone  arched  bridges.    Centralblatt  der 

Bauvertvaltung ,  1885,  pp.  473,  490,  517. 
.     The  Transformed  Catenary  as  a  Figure  for.    By  W.  H.  Booth.    Advocates  the 

use  of  the  inverted  catenary  for  arches,  and  gives  methods  of  computing  the  same. 

Van  Nos.  Eng.  Mag.,  July,  1884. 
Arches.    Employment  of  Mathematical  Curves  as  the  Intrados  of.    An  article  based 

upon  the  theory  as  given  in  Rankine's  civil  engineering.     Van  Nos.  Eng.  Mag.,  May, 

1884. 
.    Proportion  of.    A  careful  digest  by  Mr.  E.  S.  Gould  of  the  actual  practice  of 

the  French  engineers  in  regard  to  the  proportion  of  arches.      Van  Nos  Eng.  Mag., 

Vol.  28,  p.  449. 
■ .    Description  of  a  sfcety  arch  built  at  Harrisburg,  Pa.    Van  Nos.  Eng.  Mag.,  Vol. 

XIV.,  p.  361. 
.    Skew.    The  Seventh  Street  Improvement  Arches,  St.  Paul.    By  W.  A.  Truesdell. 

A  description  of  these  arches,  the  helicoidal  method  being  used.    Illustrated.   Jour. 

Assoc.  Engr.  Soc,  Vol.  V.,  p.  317. 
.    Helicoidal  Obligue  (Skew)  Arches.    By  J.  L.  CuUey.    A  simple  exposition  of  the 

theory  and  method  of  designing  the  templets  and  twist  rules.     Van  Nos.  Eng.  Mag., 

April,  1886.    Also  details  of  an  actual  construction  of  such  an  arch  in  Proc.  Engrs\ 

Club,  Phila.,  Vol.  V.,  p.  212. 
.    Stability  of.    By  L.  E.  Ware.    Gives  Mr.  Durand  Claye's  method  of  proving  by 

a  geometrical  construction  that  any  given  arch  is,  or  is  not,  in  a  good  condition  of 

stability.     Van  Nos.  Eng.  Mag.,  Vol.  XV.  p.  33. 
.    Stability  and  Sti-ength  of  the  Stone.    By  G.  F.  Swain,    Endeavors   to  show  the 

fundamental  principles  on  wliich  the  stability  and  strength  of  arches  depend.    Van 

Nos.  Eng  Mag.,  Vol.  XXIII.,  p.  26.5. 
,     Theory  of  the  Solid  and  Broad  Elastic.    By  Wm.  Cain.    Gives  a  purely  graphi- 
cal method  of  treatment.      Van  Nos.  Eng.  Mag.,  Vol.  XXI.,  pp.  265,  353  and  443. 
.    A  Practical  Theory  of  Voussoir.    By  Wm.  Cain.    Treats  of  the  effects  of  the 

compressibility  of  voussoirs,  discusses  different  formula  and  extends  the  theory  lo 

groined  and  cloistered  arches  and  domes.      Van  Nos.  Eng.  Mag.,  \o\.  XX.,  pp.  52, 

97  and  201  ;  also  Van  Nostrand's  "Science  Series,"  No.  42. 
Architectural  Styles,  Sketches  of.    By  Prof .  N.  C.  Ricker.    A  fully  illustrated  series 

of  articles,  beginning  with  the  Egyptian  style.    Building,  Jan.  16,  1886,  et  seq. 
Armored  Turrets.    Results  of  the  experiments  at  Bucharest  on  two  model  turrets, 

one  French  and  the  other  German.    Fully  illustrated.    Engineering,  March  19, 

1886.    Also  in  The  Engineer  tor  March  5,  1886,  where  the  two  systems  are  more 

fully  described. 
Artesian  Wells.    Requisite  and  Qualifying  Conditions.    By  T.  C.  Chamberlin.    This 

is  a  42-page  appendix  to  the  Fifth  Annual  Report  (1883-4)  of  the  U.  S.  Geological 
Survey,  J.  W.  Powell,  Director.  It  is  well  illustrated  and  has  considerable  value  to 
persons  contemplating  such  enterprises.    Apply  to  the  Director,  or  to  member  of 

Congress. 
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AsbeatoB,  and  its  Applications.    A.  Lecture  by  James  Boyd  before  the  Soc.  of  Arts, 

London.    Jour.  Soc.  Arts,  April  10,  1886. 
Asphalt.     On  the   Use  of,  and  Mineral  Bitumen  in  Engineering,    By  W.  H.  Delano 

Gives  description  of  certain  worlcs  witli  their  cost,  and  such  Information  concerning 

quality  and   preparation  of  material  as  may  be  useful  to  engineers.    Van  Nos  Eng. 

Ma.i..  Vol.  XXIII,  p.  JUO. 
Astronom^ical   Day.    Its  proposed  Abolition.    The  arguments  stated,  pro  and  con, 

for  )iet;inDing  the  astronomical  day  at  midnight,  according  to  the  recommendation 

of  the  International  Conference  on  Prime  Meridiaa,   1884.     Van  Nos  Eng.  Mag., 

March,  1886. 
Atmosphere.    The  motions  of,  and  their  effect  on  the  weather.  Deutsche  Bauzeitung, 

188."),  pp.  478,  490,  506,  .538,  593. 
Averag-ing'  Machine.    A  description  of  Coffin's  machine  for  averaging,  or  measuring, 

the  mean  ordinate  of  an  indicator  diagram,  thus  giving  at  once  the  mean  effective 

pressure.    lUustrated.    7^-ans.  Am.  Soc.  Mech.  Engrs.,  Vol.  II-,  p.  335. 
Azimuth.    See  Latitude. 

Barometer,  The  Aneroid.    Gives  details  of  the  construction  and  use  of  the  aneroid; 

also  contains  tables  for  facilitating  computations.      Van  Nos.  Eng.  Mag.,  Vol. 

XVIII.,  pp.  104  and  201. 
,  TJie  Goldschmid  Aneroid.    By  Geo.  J.  Specht.    A  new  instrument  wherein  the 

movement  of  the  corrugated  cover  is  magnified  by  levers  and  read  by  a  micrometer 

screw.    Results  of  observations  given,  showing  it  to  be  a  very  accurate  instrument. 

Illustrated.     Traits.  Tech.  Soc.  Pac.  Coast;  also  in  Eagr.  News,  April  3,  1886. 
Also  description  with  cut  showing  construction.      Van  Nos.  Eng.  Mag.,  Vol. 

XXV..  p.  300. 
See  Aneroid. 

Base-Line  Apparatus.  By  H.  Breen.  Gives  description  of  the  various  apparatus 
with  the  theory  on  which  they  are  constructed.  Illustrated.  Van  Nos.  Eng.  Mag., 
Vol.  XXVII  ,  p.  89. 

Batteries,  Secondary.  By  Oliver  Lodge.  Gives  description  of  the  Faure  battery. 
Also  methods  and  instruments  for  measuring  the  various  quantities  involved  in 
storage  by  secondary  batteries.      Van  Nos.  Eng.  Mag.,  March,  1884. 

.    Report  of  Prof.  Henry  Morton  on  the  storage  batteries  of  the  Electrical  Power 

Storage  Co.      Van  Nos.  Eng.  Mag.,  Vol.  XXVIU.,  p.  470. 

Beams,  General  Formulae  for  the  Normal  Stress  in,  of  any  shape.    ByG.  F.  Swain. 

Van  Nos.  Eng.  Mag  ,  Vol.  XXIII.,  p.  63. 
.  The  Practical  Strength  of.    By  Benj.  Baker.    A  paper  before  the  Insiitution  of 

Civil  Engineers.     Van  Nos.  Eng.  Mag.,  Vol.  XXHI.,  p.  444. 

Belt  and  Rope  Gearing:.    The  velocity  of  maximum  efficiency.    Theory,  formula, 

and  plotted  curves.    The  Engineer,  Nov.  13,  1885. 
Belts,  Leather,  Adhesion  of.    Results  of  experiments  with  iron  pulleys.     By  Samuel 

Webber.     Trans.  Am.  Soc.  Mech.  Eng.,  Yah  II.,  p.  224. 
.  Formulas  for  the  Horse-Power  of.    By  A.  F.  Nagle.    Results  diagramed.    Trans. 

Am.  Soc.  Mech.  Engrs  ,  Vol.  II.,  p.  91. 
Bents,  Braced  Iron,  The  S  re.'ises  in.    By  Cb.  F    Stowell.    Determined  analytically 

and  graphically  in  Engr.  Era,  March  18,  1886. 
Beton  in  combination  with  Iron  as  a  Building  Material.     By  W.  E.  Ward.     Of  Interest 

as  a  study  in  fire-proof  construction.   Describes  the  construction  of  a  dwelling-house 

at  Port  Chester,  tt.  Y.    Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  IV.,  p.  388. 
Bitumen.    See  Asphalt. 
Blast- Furnaces,  The  Distribution  and  Proportions  of,  in  America.    By  John  Birkin- 

bine,  before  the  Halifax  Meeting  of  the  Am.  Inst,  of  Min.  Engrs.,  1885. 
for  Iron  Ores.    A  Lecture  by  J.  M.  Hartman  before  the  Franklin  Institute.    An 

elementary  but  scientific  analysis  of  the  methods  and  operations  of  such  furnaces, 

accompanied  by  five  colored  plates.    Jour.  Frank.  Inst.,  May,  1886. 
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Blast  Furnace  Wool,  not  a  fit  substance  for  steam-pipe  covering  when  containing 
sulphur.  Accidents  caused  by  it  at  Coluuibia  College.  Trans.  Am.  Soc.  Civ.  Engrs., 
Vol.  XLI.,  p.  253. 

Blasting:  with  Dynamite  on  a  large  scale  in  Italy.  An  account  of  some  very  success- 
ful blasts,  in  one  of  which  120,000  cubic  meters  were  removed.  Proc.  Inst.  Civ. 
Engrs.    Vol.  LXXXII.,  p.  423. 

Operations  at  Hell  Gate.    A  general  account  of  the  methods,  cost,  and  results, 

with  many  cuts.  L.  F.  Vernon-Harcourt.  Trans.  Inst.  Civ.  Engrs.,  Vol.  LXXXV., 
p.  264. 

Boilers,  Comparative  Tests  of.  A  report  of  tests  made  at  the  boiler  house  of  the 
Brush  Electric  Light  Co.,  Philadelphia.  The  plants  consisted  of  10  boilers,  4  Bab- 
cock  &  Wilcox,  and  6  return  tuDular  boilers.  Tests  gave  77  in  favor  of  former.  Van 
Nos.  Eng.  Mag.,  Vol.  XXVIII.,  p.  265. 

Construction.    A  new  method  of  making  horizontal  tubular  boilers  by  making 

the  shell  in  two  plates  of  steel  the  full  length  of  the  boiler.  Trans.  Amer.  Soc.  Mech. 
Engrs.,  Yol.  VI.,  p.  110. 

Corronion  of.    By  F.  J.  Rowan.    A  paper  read  before  the  Glasgow  meeting  of  the 

British  Association.  Points  out  some  of  the  causes  of  corrosion  and  gives  their 
remedies.    Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  21. 

Defects  and  Bemedy.    By  A.   C.  Engert.    An  article  treating  of  incrustations, 

smoke  and  unconsumed  gases  and  priming.     Van  Nos.  Eng.  Mag,,  September,  1884. 

.  Deterioration  of.  Some  interestine  examples  given.     R.  R.  Gazette,  Nov.  6,  1885. 

and  Engines  for  High  Pressure.    By  L.  Perkins.    Gives  plans  for  working  steam 

with  pressure  of  from  250  ro  1,000  lbs.  persq.  in.  With  commeutstrom  Engineering. 
Van  Nos.  Eng.  Mag.,  Vol.  XVII..  p.  143. 

Explosions,  the  Cause  and  the  Remedy.    By  Thos.  Kays,    Adopts  the  Lawton 

theory  of  explosions.  Gives  results  of  some  experiments.  Advocates  the  Lawton 
diaphragm.      Van  Nos.  Eng.  Mag.,  November,  1884. 

.    Evaporation  performance  of.  By  D.  K.  Clark.  A  valuable  article;  gives  results 

of  a  large  number  of  experiments  with  boilers.  Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p. 
243. 

.    Incrustation  of.    By.  F.  J.  Rowan.    Treats  of  the  incrustation  of  land  boilers 

using  natural  fresh  water,  and  of  marine  boilers  using  sea  water.  Gives  tables  of 
analysis  of  boiler  crusts  and  deposits.      Van  Nos.  Eng.  Mag..  Vol,  XV.,  p.  515. 

.     The  Lancashire.    By  L.  E.  Fletcher.      Describes   the  construction,   equipment 

and  setting  of  the  Lancashire  boilers,  and  calls  attention  to  some  points  which  are 
sometimes  overlooked.      Van  Nos.  Eng.  Mag.,  Vol.  XV.,  p.  210. 

Making.    A  series  of  articles  of  considerable  practical  value.    By  a  designer  of 

boilers.     Fully  illustrated.    Mechanics,  Jan.,  1886,  et  seq. 

as  Magazines  of  Explosive  Energy.  A  valuable  paper  by  Prof.  Thurston,  show- 
ing the  source  of  the  explosive  energy  to  be  mostly  in  the  heated  water,  and  the 
amounts  of  such  energy  in  different  styles  of  boilers.  Trans.  Am.  Soc.  Mech. 
Engrs.,  Vol.  VI.,  p.  199. 

.  Preservation  of .    By  Rear- Admiral  Ay nsley.    Gives  results  of  experiments  on 

the  prevention  of  deterioration  of  boilers.      Van  Nos.  Eng.  Mag. ,Yo\.  XXIU.,  p.  395. 

.   Tlie  Rating  of,  by  Horse-powers,  for  Commercial  Purposes.  A  paper  before  Am. 

Soc.  Mech.  Engrs.,  by  W.  P.  Trowbridge  and  C.  B.  Richards.  A  valuable  discussion 
of  the  whole  question.    Am.  Engr.,  Nov.  12,  1885,  et  seq. 

Report  of  the  Judges  on  the  tests  of  the    Harvard  boilers  at  the  fair  of  the 

American  Institute.      Van  Nos.  Eng.  Mag.,  Vol.  XIII.,  p.  166. 

,  Steam.    A  lecture  at  Cornell  University,  by  J.  M.  Allen.    The  subject  adapted  to 

young  mechanical  engineers.    Sci.  Am.  Supplement,  March  20,  1886. 

,  Steel.    Some  astonishing  and  apparently  unaccountable  failures  of  steel  marine 

boilers  from  cracking  into  pieces  when  not  in  service.  Illustrated.  The  Engineer, 
Dec.  11,  1885. 

Tests,   Tables  for  facilitating  the  calculation  of.    The  tables  are  for  reducing 

the  evaporation  under  the  actual  conditions  to  the  equivalent  evaporation  from  and 
at  212°.  More  complete  than  any  heretofore  published.  By  Wm.  Kent,  in  Trans. 
Am.  Soc.  Mech.  Engrs.,  Vol.  VI.,  p.  84. 
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Bolts  and  Scriw  Threads.  Experiments  to  determine  the  advantajjo  of  increasing  the 
number  of  threads.  Results  show  '20  per  cent,  increase  of  static  strength  and  .'J  or  4 
times  strength  to  resist  impact  by  doubhngthe  number  of  tliread.s  to  the  inch.  Maj. 
\Vm.  R.  King,  before  Am.  Inst.  Min.  Engrs.,  Chattanooga  meeting,  1885.  Kngr. 
Xewn,  Oct.  17,  1885,  and  Sc.  Amer.  of  same  date. 

Boston  Main  Drainage.  A  very  fully  illustrated  article,  reprinted  from  Engineering 
in  Sc.  Am.  S^^l>l>l■,  Jan.  18.  1866. 

Municipal  Engineering  Work.'i  and  Methods.    The  first  of  a  series  of  municipal 

engineering  articles.    Illustrated.    Begun  in  iJ/iptneertJij/ iVewi,  Jan.  16,1886. 

Bower-Barff  /Vocess.  By  A.  S.  Bower.  The  object  of  the  paper  is  to  show  what 
may  be  done  in  protecting  iron  and  steel  from  rust  by  forming  upon  their  surfaces 
a  film  of  magnetic  oxide.     Van  iV'o.s.  Eng.  Mag.,  Vol.  XXLX,  p.  370. 

Described  in  an  illustrated  paper  by  Geo.  W.  Maynard.    Trans.  Am.  Soc.  Mech. 

Emn-s.,Vo\.lV.,p.  351. 

Bow  Girders,  Maximum  Strains  in  Jointed.  By  E.  A.  Werner.  Van  Nos.  Eng. 
Mag..  Oct.,  1884. 

'Bra.'ke,  Automatic  Friction  for  R.  R.  7^-ains.  The  Heberlcin  System.  Awarded  a 
gold  medal  at  the  Inventions  Exhibition  and  adopted  largely  on  the  continent.  Fully 
described  and  illustrated  in  The  Engineer,  April  2,  1886. 

.    Co-efficient  of  Friction  of  Railroad.     By  Capt.  P.  Galton.    Gives  details  of 

experiments  made  on  the  London,  Brighton  &  South  Coast  R.  R.     Van  Nos.  Eng. 
Mag.,  Vol.  XIX..  p.  519. 

Power,  for  Freight  Trains.    By  Wm.   P.  Shinn.     A  valuable  contribution    to 


the  desirableness  and  efficiency  of  such  appliances.  Has  especial  refei-ence  to  the 
Westinghuuse  and  American  systems.  Includes  many  experiments.  Illustrated. 
Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XIV.,  p.  405. 

.    Tests  at  Burlington,   la.     The   most  elaborate  series  of  tests  of  freight-car 

brakes  ever  made.    Full  description  of  tests,  discussions,  and  reports  and  illustra- 

trations  in  R.  R.  Gazette,  July  23.  1886,  et  seg. 

Also  synoposis  of  data  of  above  tests  in  Raihvay  Review,  Aug.  7,  1886. 

.    The  vacuum  automatic,  for  railroad  trains.    Fully  described  and  illustrated. 

Iron;  also  Sc.  Am.  S^<ppl.,  Jan.  9,  1886. 

Brick  Walls,  The  Efflorescence  on.  Its  causes  and  remedies  discussed  by  C.  J.  Ander- 
son, before  III.  Assoc,  of  Architects.  Sanitary  News,  Dec.  12, 1885,  and  Am.  Engr., 
Dec.  24,  1885. 

'Bric^-wor'k.  Tlie  Permissible  Stress  upon.  From  the  German.  Various  qualities  of 
brick  and  mortar.    Table  given.      Van  Nos.  Eng.  Mag.,  March,  1886. 

Bridgre  Accidents,  On  the  Means  of  averting  them.  A  report  by  a  committee  of 
the  American  Soc.  of  Civ.  Engrs.      Van  Nos.  Eng.  Mag.,  Vol.  XIII.,  p.  305. 

Bridgres.  American  vs.  English.  As  coming  from  Professor  Kernot,  an  English  engineer 
in  Australia,  through  Professor  Waddell,  an  American  engineer  in  Japan.  The 
comparison  very  favorable  to  American  structures       Engr.  News,  March  27,  1886. 

.    A  review  of  Prof.  Waddell's  treatise  for  Japanese  engineers,  by  an  English 

authority,  wherein  the  superiority  of  the  American  practice  is  acknowledged,  Mech. 
World,  Feb.  19,  1886. 

.  By  Robert  H.  Graham.    A  review  of  Professor  Waddell's  System  of  Highway 

Bridges  for  Japan,  by  an  English  engineer.  A  captious  criticism  of  the  methods 
described,  without  much  point  or  reason.  Mr.  Graham  roundly  taken  to  task  for 
speaking  for  English  engineers,  by  Robt.  H.  Smith,  and  the  former's  reply.  An 
amusing  controversy.    The  Engineer,  March  5, 12  and  19,  1886. 

,  Battersea.    Detailed  drawings  of  the  new  bridge  to  be  erected  over  the  Thames 

from  designs  of  Sir  Joseph  Bazalgette.    Engineer,  July  9  and  16,  1886. 

Braces.    By  P.  H.  Philbrick.  Gives  practical  formu'se  for  angle  blocks  and  braces 

of  bridges.      Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  377. 

,  Cantilever  over  Niagara  River.    By  C.  C.  Schneider,  the  engineer  of  the  bridge. 

A  most  satisfactory  article  on  this  unique  design,  with  numerous  cuts,  detaiJ.s,  spec- 
ifications, deflections,  etc.    Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XIV.,  p.  499. 
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Bridgres,  Cantilever,  across  the  St.  John's  River,  New  Brunswick.  Centra.  Span  477 
feet.  Full  description  and  cuts  showing  stages  in  erection.  R.  R.  Gazette,  Oct.  30, 
1885. 

,    The  Sukkur  Cantilever,  India.    Span,  820  feet.    Several  new  features.    Cut 

given.  From  Mech.  World,  London,  in  Railway  Review,  Dec.  13, 1885,  also  Engineer, 
July  9,  1886. 

,    Continuous  Girders.    On  the  stress  produced  in  continuous  girders  during 

launching.  Said  to  be  the  first  published  solution  of  the  problem.  Illustrated. 
Engineering,  Nov.  27, 1885. 

,    On  the  Theory  and  Contruction  of  Continuous.    By  Mansfield  Merriraan.    The 

object  of  the  paper  is  to  present  some  of  the  main  principles  and  laws  and  to  illus- 
trate this  application  to  the  practical  designing  of  continuous  bridge  XXV.  Van 
Nos.  Eng.  Mag.,  Vol.  15,  pp.  145  and  19.3.    Also  Van.  Nos  Science  Series,  Vol.  XXV. 

.    The  Continuous  Girder  Question.    By  Chas.  Bender.    A  criticism  on  Mr.  Mer- 


riman's  paper.    Van  Nos.  Eng.  Mag.,  Vol.  XV.,  p.  289. 

— .  Calculation  of  Contimious  Girders,  anedyticaWy  and  graphically.  By  M.  Ber- 
trand  de  Fontviolant.  A  lengthy  paper,  containing  a  tolerably  full  discussion  of  the 
subject,  including,  besides  the  well-known  theories,  some  investigations  regarding 
effect  of  deformation  of  piers,  and  temperature.  The  paper,  however,  contains 
little,  especially  in  the  graphical  treatment,  which  has  not  been  given  in  previous 
discussions  of  the  subject.  Memoires  de  la  Societe  des  Ingenieurs  Civils,  Sept.,  '85, 
pp.  255-348,  with  2  plates. 

— .  Floor  System,  for  Railroad  Bridges.  By  W.  H.  White.  A  model  system  de- 
scribed and  illustrated,  having  rerailing  arrangements,  guard  rails,  etc.  Trans. 
Am.  Soc.  Civ.  Engrs.,  Yol.  XII.  (1883),  p.  451. 

— .  Formulas  for  the  weight  of  iron  and  steel  railway  bridges  under  standard  speci- 
fications. By  Geo.  H.  Pegram.  Five  classes  of  landing  discussed,  for  which  con- 
stants are  evaluated.  Results  tabulated.  Discussion  by  Whittemore,  Wilson,  Hut- 
ton,  Hughes,  Cooper,  Macdonald,  DuBois,  Elliot  and  Burr.  Trans.  Am.  Soc.  Civ. 
Engrs.,Vol.XV.,n.85. 

— .    Harlem  River  Bridge,  Designs  for  the  proposed,  at  One  Hundred  and  Eighty- 


first  street,  which  v  ere  awarded  the  first  and  second  prizes.    Engr.  News,  also  Sc. 
Amer.,  March  6,  1886. 

The  accepted  design,  as  modified  from  those  presented.  Cut  given  in  Engr.  News, 
April  10,  1886. 

Detailed  drawings  and  specifications  for  the  new  Harlem  River  bridge.  Also,  illus- 
trated description  of  the  design  for  the  Harlem  River  bridge  submitted  by  Messrs. 
Vaux  and  Radford.    Eng.  News,  July  31,  1886. 

— .  Hawkesbury,  Australia.  Drawings  of  the  fourteen  competitive  designs,  three 
American,  ten  English  and  one  French,  with  the  corresponding  bids.  All  the  Ameri- 
can bids  being  far  below  the  others,  the  award  was  made  to  the  Union  Bridge  Co. 
Engineering,  Eng.  News,  May  8,  1886  ;  R.  R.  Gazette,  April  30, 1886  ;  also  Railway 
Review,  May  8,  1886. 

Small  map  and  elevation  showing  depth  of  foundation  and  details  of  caissons 
given.  These  to  be  sunk  to  a  depth  of  185  ft.  below  high  water.  Proposed  method 
described.    Eng.  News,  Feb.  13,  1886. 

Method  to  be  employed  in  sinking  piers  to  the  depth  of  185  feet.  Railway  Review, 
May  15,  1886. 

— ,  Highway.  By  James  Owen.  A  paper  of  much  value  to  the  joung  engineer, 
since  the  practical  results  from  an  experience  with  some  500  bridges  of  all  sizes 
is  given  in  the  paper.  Illustrated.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XI.  (1882), 
p.  277. 

— .  IronR.R.  A  description  of  those  recently  erected  on  a  new  English  road, 
which  may  be  taken  as  modern  English  practice.  Two  plates.  Proc.  Inst.  Civ. 
Engrs.,  Vol.  LXXXII.,  p.  348. 

— .  A  summary  of  the  rt  gulations  drawn  up  by  the  Saxony  Association  of  Engi- 
neers and  Arches,  relating  to  the  construction  of  iron  bridges.  Van  Nos.  Eng.  Mag., 
Nov.,  1884. 
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Bridg'es.  The  Javroz  Bridf/e  in  Freibnifi,  Switzerland.  Short  description,  with  illus- 
trations, of  this  iron  arch  of  285  feet  span,  without  hinges.  Deutsche  Hauzeitun;/, 
188.),  p.  5-tt>-r)48. 

.    The  rolling  briilge  over  the lock  in  tlie  harbor  of  Antwerp.  Wochenschrift 

des  Oesterr.  In<j.-  und  Arc?i.-Vereins,  188(5,  pp.  37-39. 

,  Minneapolis  Suspension.    By  T.  M.  Griffith.    Gives  brief  description  of  the  old 

and  new  bridges.      Van  Nos.  Eng.  Ma;/.,  Vol.  XVIII.,  p.  248. 

.   The  RebuildinQ  of  the  Monomiuhela  Brid(jc  at  Pittsburg.     A  suspension  bridge 

replaced  by  Pauli  trusses.  The  work  described  by  G.  Lindenthal,  engineer  of  the 
bridge.    Illustrated.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XII.,  p.  353. 

Plate  Girders.    With  especial  reference  to  the  necessary  thickness  of  web.     By 


J.  J.   Webster.     A  sensible  discussion  of  the  subject.     Trans.  Liverpool  Eng.  Soc, 

Vol.m..  p.  49. 
— ,  Preservation  of  Iron.     By   E.  Paschen.    Gives  scheme  for  periodic  inspection. 

Van  Nos.  Eng.  Mag.,  Nov.,  1884. 
— ,    Putney.    Brie    description  of  the  bridge  over  the  Thames  River  at  Putney,  with 

double-page  drawing  of  the  entire  structure  and  detailed  drawings  of  the  centring, 

etc.    Engineering,  July  23,  1886. 

—  Over  the  Schuylkill  River,  on  the  B.  &  O.  R.  R.  A  series  of  articles  describing 
the  bridge  and  its  foundations.  By  Col.  Wm.  M.  Patton,  Engr.  in  Charge.  Engr. 
News,  Feb.  6,  1886,  et  seq. 

—  Straitis.  By  C.  H.  Tutton.  Gives  graphical  method  for  the  determination  of 
strains  in  bridge  trusses  with  parallel  chords.  Van  Nos.  Eng.  Mag.,  Vol.  XVII.,  p. 
385. 

—  Calculation  of  Strains  in  Arch.  By  Charles  Pfeifer.  Treats  of  the  resistances  of 
abutments  and  deflections  of  arch  produced  by  movable  loads.  Van  Nos.  Eng.  Mag.. 
Vol.  XIV.,  p.  481. 

— ,  Maximum  Stresses  in  Framed.  By  Wm.  Cain.  Investigates  the  maximum 
strains  that  can  occur  from  live  loads  ;  also  treats  of  the  most  economical  height  of 
trusses.  Van  Nos.  Eng.  Mag.,  Vol.  XTX.,  p.  71  and  143  ;  also  Van  Nos.  Sci.  Series, 
No.  38. 

— ,  Post  TVuss.  An  article  by  C.  H.  Tutcon,  comparing  results  and  showing  the  dis- 
crepancies in  the  computation  by  different  methods  of  the  Post  truss  Van  Nos.  Eng. 
Mag.,  Vol.  XVIII.,  p.  303. 

— .  Notes  on  the  most  economical  depth  of  straight  girders  and  trusses.  By  Emil 
Adler.    Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  42. 

— ,    Proposed  St.  Lawrence  River.    A  novel  design,  the  channel  spans  to  be  erected 


without  false  works.    Illustrated.    Railroad  Gazette,  M.a.y  28, 1886. 
— ,  Suspension.    Replacing  the  cable  by  links  on  the  Albert  Bridge,  London,  the 

cable  having  rusted  until  the  bridge  is  considered  unsafe.    Cuts  showing  the  design; 

also,  four  other  systems.    The  Engineer,  Dec.  4,  1885. 
— ,  .'Suspension,  at  St.  Ilpize  and  at  Lamothe.    By  M.   Nicou.    Annates  des  Fonts 

et  Chausces,  1885,  Oct.,  pp.  660-683. 
— .  Tay.    The  report  of  Mr.  Henry  Law  to  the  Commissioners  for  the  Causally.    Van 

Nos.  Eng.  Mag.,  Vol.  XXIII.,  p.  69. 
— ,  Truss.    A  new  graphical  construction  for  determining  the  maximum  stresses  in 

the  web  of  a  bridge  truss.      Vm  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  5.38. 
— ,  Underpinning.    By  A.  P.  Boiler.    Describes  methods  used  lor  supporting  feet  of 


iron  piers  while  masonry  was  renewed.    Illustrated.    Trans.  Am.  Soc.   Civ.  Engrs., 

Vol.  XI.  (1882).  p.  130. 
— ,  Fttrrtfions  ©/■,  Under  Passing  Trains.     Gives  six  diagrams  taken  from  the  same 

bridge,  showing  vertical  and  lateral  vibration.    Abstracted  irom  advance  sheets  of 

Report  of  the  R.  R.  Com.  of  Ohio.    R.  R.  Gaz.,  June  2.5,  1886. 
— ,  Weights  of  Iron  Railroad.    A  series  of  curves  showing  weights  of  modern  iron 

bridges  for  various  types  of  locomotives,  mostly  taken  from  Pegram's  Paper  before 

the  American  Society  of  Civil  Engmeers.    R.  R.  Gazette,  Sept.  17,  1886. 
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Bridges.  A  sketch  of  a  bridge  constructed  by  an  uneducated  Mexican  laborer  from  his 
own  design.  Trans.  Am  Soc.  of  C.  E.,  May,  1880,  also  Sci.  Amer.  Sup.,  July  17, 
1886. 

.  6'ee  Arch,  and  Drawbridge. 

Bronze  Casting:.  A  lecture  by  George  Simonds  before  the  Society  of  Arts,  London. 
Gives  a  decailed  description  of  the  several  steps  in  producing  a  bronze  statue  or 
artistic  model  of  any  kind.    Illustrated.    Sc.  American  Stippl.,  March  20,  1886. 

Bronzes,  Manganese.  A  paper  read  before  the  British  Assoc,  by  P.  M.  Parsons.  Gives 
characteristics,  tensile  strength,  etc,  of  the  different  alloi-s.  Van  Nos.  Eng.  Mag  , 
Jan.,  1884. 

,    Strength  of.    A  contribution  to  the  subject  from  English  experiments.    Trans. 

Liverpool  Eng.  Soc,  Vol.  V.,  p.  31. 

,    The  Strongest  of  the.    By  R.  H.  Thurston.    Describes  the  method  employed  in 

the  research  which  resulted  in  the  discovery  of  the  strongest  bronze.    Gives  com- 
position and  properties  of  the  alloy.    Van  Nos.  Eng.  Mag.,  Vol.  25,  p.  126. 

Building'  Stones.  A  paper  by  H.  A.  Cutting,  on  a  series  of  experiments  made  to 
determine  the  weight,  specific  gravity,  rates  of  absorption  and  capability  of  standing 
heat  of  building  stone.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  441. 

Buffer  Stop,  Hydraulic.  Designed  and  described  by  A.  A.  Langley,  Eng.  Furnishes 
a  constant  resistance  till  train  stops.    Fully  illustrated.    Engineering,  Feb.  19,  1886. 

Cable-Makingj /or  Suspension  Bridges.  As  exemplified  ia  the  East  River  Bridge.  By 
W.  Hildenbrand.  A  detailed  description  of  the  cable-making  machinery  and  of  the 
process  employed  on  the  East  'Kiver  Bridge.  Van  Nos.  Eng.  Mag.,  Vol.  XVII.,  pp. 
171,  193  and  289.  Also  Van  Nos.  Sci.  Series  No.  32. 
Cable  Roads.  By  J.  Bucknall-Smith.  Gives  short  description  of  the  cable  roads  at 
Philadelphia,  New  "\  ork  and  Cincinnati,  illustrated.    Engineering,  June  11,  1886. 

.    Agndio  System.    Description  of  the  system  proposed  by  Agudio  in  18G3  ;  also 

of  a  road  from  Tunis  to  the  Superga,  built  by  Agudio  and  opened  in  1884.    Eng. 
News,  July  19. 

of  New  York  City.  All  parts  in  duplicate  ;  cuts  given  of  machinery  and  cross- 
section,  showing  tunnel  construction.    Sci.  Amer..  Jan.  20,  1886. 

,  Inclined,  oi  Hoboken,  N.  J.  Illustrated  description  of  its  peculiarities,  espe- 
cially the  grip  and  brakes.    Sci.  Amer.,  Feb.  20,  1886. 

m  Philadelphia.  Causes  of  the  failure  of  the  system  found  in  the  cheap  and  un- 
scientific character  of  the  yokes.  Paper  by  Prof.  L.  M.  Haupt,  in  P7u7a .  Proc. 
Engr.'s  Club,  Vol.  V.,  p.  225. 

Calorimeter,  A  New  Form  of.  Determines  amount  of  water  in  steam  by  observing 
the  fall  in  temperature  of  a  given  quantity  of  superheated  steam  necessary  to  re- 
evaporate  it.    Am.  Engr.,  Dec.  3,  1885. 

Cams.  A  brief  treatise  on  the  Steamboat  Cam,  by  Louis  Johnson.  Illustrated.  Trans. 
Am.  Inst.  Mech.  Engrs.,  Vol.  II.,  p.  122. 

Canals.  A  paper  treating  of  the  causes  of  ruin  to  canals  and  Irrigation  works,  also  on 
the  estimated  losses  from  deterioration  of  irrigation  canals.  Van  Nos.  Eng.  Mag., 
Vol.  XXI.,  p.  381. 

.    A  paper  by  J.  B.  Johnson  on  ihe  relative  amount  of  work  done  in  preparing 

boats  by  paddle-wheels  and  by  cables.     Van  Nos.  Eng.  Mag.,  Vol.  XXIII.,  p.  369. 

.  Synopsis  of  the  proceedings  of  the  Brussels  Inland  Navigation  Congress;  de- 
tails and  illustrations  of  the  principal  canal  work  in  Europe.  Engineer,  July  9, 
1886;  also  Van  Nos.  Eng.  Mag.,  Aug.,  1886. 

,    Baid  Verte.    By  Thos.  Guerin.    Reply  to  criticism  by  Clemens  Herschel.    Van 

Nos.  Eng.  Mag.,  Vol.  XIV.,  p.  55.   Reply  to  the  above.    By  Clemens  Herschel.    Van 
Nos.  Eng.  Mag,  Yol.  XIV.,  p.  1.50. 

The  Elbing  Biland,  Holland.  The  locks  replaced  by  inclines  operated  by  tur- 
bines. Abstr.  Inst.  Civ.  Engrs.,  Vol.  LXXXIIL,  p.  470;  also  Zeits.  fiir  Bauwesen. 
1885,  p.  63. 

,  Manch'ster  Ship.  A  summary  of  the  principal  features  of  the  canal  from  Man- 
chester to  Liverpool  Engineering.  July  16, 1886.  Also,  by  H.  S.  S.  Smith,  gives  a 
short  history  and  details  of  the  scheme.     Van  Nos.  Eng.  Mag.,  Nov  ,  1884. 
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Canals.  The  newly  located  Xicaragua  Ship  Oinal.  Notea  on  the  survey  and  new  loca- 
tion made  in  1885,  with  colored  profiles  and  map.  By  Eusign  W.  I.  Chambers,  mem- 
ber of  the  expedition.     Pioc.  U.  S.  Naval  Institute,  Annapolis,  Md.,  Vol.  XI.,  p.  807. 

,    Niciiragtia.   By  J.  F.  Crowell.    Treats  of  the  enRineerinK  features  of  the  canal, 

with  estimates,  etc.    Proc.  I'hil.  Kng.  Club,  April.  1880. 

,     The  Suez  :  Its  Enginvcring,  Commercial  and  Political  Aspects.    By  Lieut. -Gen. 

Rundall,  before  the  Society  of  Arts.     Van  No.i.  Kng.  Mag.,  January,  1884. 

of  Northern  Itlinoin.    The  lil.  &  Mich,  and  Hennepin  canals  considered  as  engi- 


neeriuR  and  coumiercial  problems,  treated  by  an  engineer  acquainted  with  the  facts 
and  surveys.  Map  and  profile  given.  Engr.  Keu-s,  May  1,  1886,  and  Chicago  Morn- 
ing News,  April  7,  1886. 

,    The  Noith  Sea  and  Baltic.    This  canal  is  to  be  built  by  the  German  Empire, 

which  has  jusi  fixed  upon  a  route,  which  is  described,  and  map  given  in  Engr.  News, 
Sept.  3r,  1886. 

,   The  Soonkesala.    By  S.  H.  Latham.  The  object  of  this  paper  is  to  give  a  general 

description  if  the  canal  between  Sooukesala  and  Cuddapah,  constructed  for  irrigate 
ing  purposes,  and  direct  attention  to  the  mode  of  safely  constructing  high  banks  for 
canals  and  tanks.     Van  Nos.  Eng.  Mag.,  Vol.  XV.,  p  385. 

,  St.  Mary's  Falls.    Described  and  well  illustrated  in  San.  Engr.,  March  25, 1886. 

,  Suez.  Report  of  Commission  on  building  a  parallel  canal,  or  increasing  the  cross- 
section  of  the  present  canal.  Describes  the  currents  in  the  canal,  etc.  Valuable. 
Annates  des  Fonts  et  Chaiissc'es,  Oct.,  1885. 

.    See  Suez. 

Canal  Lock.  Description  of  the  Aubois  canal  lock,  on  the  lateral  canal  of  the  Loire 
River.  Method  of  supplying  and  filling  is  by  means  of  oscillating  liquid  columns, 
t'H7i  A'o.s   Eng.  Mag.,  Vol.  XIX.,  p.  85. 

Canal  Traction.  Abstract  of  a  paper  before  the  International  Congress  on  Inland 
Navigation,  Brussels,  1885.  Describes  the  various  methodsof  chain  or  cable  towage, 
and  particularly  a  new  system  which  is  analagous  to  a  cable  tramway.  Endless 
chains  succeed  each  other  on  the  bank,  the  boat  being  fastened  to  them  by  hook  or 
grip.  Proc.  Inst.  Civ.  Engr.'i.,  Vol.  LXXXII.,  p.  419.  See  above.  Paper  by  J.  B. 
Johnson. 

Cast-Iron /or  Engineering  Purposes.  By  J.  S.  Brodie,  before  the  Liverpool  Engineer- 
ing Society.  Treats  of  the  nature,  strength  and  other  properties  of  cast  iron.  Van 
Nos.  Eng.  Mag.,  Vol.  XXII.,  p.  17. 

,  Fracture  of.    A  paper  on  viscosity  and  vegetation  in  metals.    Fan  Nos.  Eng. 

Mag.,  Vol.  XXII.,  p.  507. 

Cast  Steel,  Manufacture  of  Crucible.  By  Henry  Seebohm.  A  good  article,  giving 
details  of  the  various  kinds  of  steel.    Van  Nos.  Eng.  Mag.,  Dec,  1884. 

Castings,  Sound.  A  paper  by  Thos.  D .  West,  with  di.scussion.  Furnishes  consider- 
able valuable  information  to  engmeers  as  to  the  causes  of  defects  in  castings  and 
their  remedies.    2'runs.  Am.  Sue.  Mech.  Engrs.,  Vol.  VI.,  p.  91. 

Car  Couplers.  By  Prof.  S.  W.  Robinson,  R.  R.  Inspector  for  Ohio.  The  essential 
features  of  a  good  coupler  considered  seriatim  witn  much  force  and  profit.  Is  de- 
serving of  a  careful  reading  by  inventors  and  R.  R.  managers.  From  the  forth- 
coming report  of  the  R.  R.  Commissioner  of  Ohio,  Sc.  Am.  Suppl.,  May  8, 1886;  also 
Ry.  Revieic,  April  17,  1886. 

Car  Transfer  Apparatus  of  Robert  H.  Ransey.  Report  of  a  committee  of  the  Frank- 
lin Institute  on  its  merits,  who  recommend  awarding  to  the  inventor  the  Elliot 
Cresson  medal.  The  apparatus  described  and  illustrated.  Its  purpose  is  to  transfer 
cars  from  tracks  of  one  gauge  to  those  of  another.  Jour.  Frank,  />^.s•^,  September, 
1886. 

Car-Wheel  Iron,  Microscopic  Structure  of.  By  F.  Lynwood  Garrison,  before  the 
American  Institute  Mining  Engineers.  Illustrated.  Jour.  Frank.  Inst.,  August, 
1886. 
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Cements.  By  Gen.  Gillmore.  Notes  on  the  hydraulic  and  other  cements  at  the  Phil- 
adelphia exhiDition.  Gives  methods  of  manufacture  and  tables  of  crushing  and 
tensile  strength.     Van  Nos.  Eng.  Mag.,  Vol.  16,  p.  261. 

,  American  vs.  Portland.    An  article  by  F.  Collingwood,  going  to  show  that  for 

most  purposes  for  which  cement  and  concrete  are  used  in  this  country,  our  own 
natural  cements  are  quite  "good  enough."    Sanitary  EngW,  Nov.  5, 1885. 

of  the  Gate  of  France.    Nature  of  deposits,  methods  of  manufacture,  workings 

of  an  aerial  cable  for  automatic  transportation,  the  final  uses  and  products.  From 
Le  Genie  Civil,  19  illustrations.    Sc.  Amer.  Suppl.,  Nov.  28,  1885. 

,    Hydraulic,  Chemically  Considered.      Extracts  from  the  annual  report  of  the 

Chemist  of  the  Engineer  Department  of  the  district  of  Columbia.  Seven  brands  of 
native  and  foreign  cements  compared  in  strength  and  chemical  composition.  Engr. 
News,  Dec.  5,  188b. 

,    The  Cement  Works  on  the  Lehigh.    Brief  descriptions  of  the  cement  (Portland 

and  Anchor)  works  and  the  deposits,  with  tables  of  analyses  and  results  of  tests,  p.  9. 
Chap.  XII.  of  Report  of  Frederick  Prime,  Jr.,  Second  Geol.  Survey  of  Pa.,  D.  D., 
1876. 

,   The  Louisville.    An  account  of  the  location  and  capacity  of  the  mills  on  the 

Ohio  River  manufacturing  Louisville  cements,  with  records  of  tests  of  most  of  the 
brands,  made  by  the  St.  Louis  inspector,  Thos.  D.  Miller.  Jour.  Asso.  Eng.  Soc, 
Vol.  v.,  p,  187. 

Mortars,  Tlieir  behavior  under  various  contingencies  of  use.  By  F.  Collingwood. 

With  especial  reference  to  farther  investigation  on  the  change  of  volume  with  age 
and  under  pressure.    Trans.  Am.  Soc.  Civ.  Engrs..  Vol.  XIV.,  p.  491. 

,  Portland.    By  Henry  Faija.    Treats  of  the  soiirce  of  strength.    Van  Nos.  Eng. 

Mag.,ynl.  XXII.,  p.  463. 

,  Adhesive  Strength  of  Portland.  A  paper  by  J.  J.  Mann,  before  the  Inst,  of  C.  E.. 

which  refers  principally  to  the  adhesive  strength  of  cement,  and  a  description  of 
improved  method  of  determining  its  quality  and  value.  Van  Nos.  Eng.  Mag.,  Yo\. 
XXIX.,  p.  2.33. 

,  Seiver  Pipe.  The  methods  of  its  manufacture  described,  as  practiced  at  Mil- 
waukee, Wis.    Illustrated.    Sanitary  News,  Oct .  10,  1885. 

,  Testing  of  Portland.    By  I.  J.  M&nn,  before  the  Institution  of  Engineers.    Treats 

of  the  color,  weight,  pulverization,  and  tensile  strength  of  Portland  cement.  Van 
Nos.  Eng.  Mag.,  Vol.  XVU.,  p.  17. 

Tests.    Report  of  a  committee  of  the  Am.  Soc.   of  Civ.  Engrs.,  prescribing   a 

series  of  "  standard  tests"  for  fineness,  checking,  or  cracking,  and  tensile  strength. 
It  would  seem  to  be  well  for  all  tests  in  America  to  be  made  by  the  methods  here 
prescribed  in  order  to  enable  intelligent  comparisons  to  be  made.  Trans.  Am.  Soc. 
Civ.  Engrs.,  Vol.  XIV.,  w.  475,  also  in  Engr.  News,  Dec.  19,  1885. 

.    Answers  to  eight  queries  by  the  government  chemist  on  methods  of  testing 

(should  be  tested  wet)  relative  .strength  of  Portland  and  light  burned  cements, 
effects  of  alumina,  magnesia,  alkali,  sulphuric  acid.  The  Engr.  News,  Dae  26, 
1885. 

,    On  the  Mechanical  Examination  and  Testing  of  Portland.    By  Henry  Faija. 

Considers  details  of  manipulation  and  other  matter  affecting  results  in  a  cement 
lest,  and  then  the  properties  which  a  good  cement  should  show.  Van  Nos.  Eng. 
Mag.,  Nov.,  1884. 

,   Theiiseof.    By  G.  R.  Redgrave .   Before  the  Architectural  Association  advocates 


the  use  of  cements  instead  of  lime  in  all  buildings,  and  gives  tables  of  comparative 
strength  and  costs.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  121. 

Testing.    A  simple  but  pretty  complete  statement  of  the  nature  and  significance 

of  the  various  tests,  prepared  expressly  for  the  novice  in  this  department  of  engi- 
neering.   Engr.  News,  May  1,  1886. 

,    See  Concrete. 

Cement-Testing'  Machine.  Home-made,  at  a  cost  of  ten  or  twelve  dollars.  Seems 
to  work  satisfactorily.  Full  detail  drawings  given.  Proc.  Engrs.  Club  of  Philadel- 
phia, Vol  v.,  p.  194. 
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Center  of  Gravity.    A  new  formula  of  general  applicability.    By  J.  W.  Davis.    Gives 
formula  and  determines  the  extent  of  its  application.      Wan  JVo.v.  Eng.  M<i'j.,  Vol. 

XX..  p.  4(57. 
of  a  I'utygon.     A  new  graphical  method  for  finding.     ByJ.  W.Davis.     Van  Nos. 

Eny.  Mag.,  Vol.  XXL,  p.  323. 
Centrifugal   Governors,   Graphical  Treatment  of.     By  0.  Herrmann.    Zeitschrift 

(lex  Vii-tinx  drutKrlu'r  Imjenieure,  1886,  pp.  254-;:50,  .301-307. 
Chimney,  Ciri-n/(jr,  440 /('ft /i/g/t,  HPar  Cologne.      Description  of  this  recent  work. 

rnui.v.  Inst.  Civ.  Engr.f,  Vol.  LXXXV.,  p.  343. 
Chimney   Construction.    Continuation  of  a  series  of  articles  on  ventilating  chimney 

shnfts,  nioi'iiig,  straightening  and  taking  down  chimneys.     Engr.  News,  Oct.  31  and 

Nov.  14,  1H83. 
Chimneys,  dimensions  in  height  and  cross-section  for  a  given  horse-power  of  engine 

and  of  boiler  capacity.    By  Wm.  Lowe,  in  Am.  Machinist,  March  27,  1886. 
Chordel,  and  its   AvpUcation  to  the  General  Section  of  an  Angle.      ByJ.  B.  MiUar, 

Van    Nos.  Eng.  Mag.,  Vol.  XXII.,  p.  206. 
Civil  Eng-ineering.    Training  for  Students  in.     By  Geo.  L.  Vose.      Van  Nos.  Eng. 

Mag..  Vol.  XXVIlI.p.  191. 
Civil  Engineers.    Address  of  Sir  J.  W.  Baialgette,  before  the  Institution  of  Civil  En. 

gineers.    Contains  a  good  description  of  the  public  works  of  London,  also  of  Paris- 

and  New  York  City.     Van  Nos.  Eng.  Mag.,  April,  1884. 
Civil  Service  Examinations.    See  Examination. 
Clapp-Griffiths  Converter.    Later  Practice  and    Commercial  Residts.     By  J.  P. 

Witherow.    A  paper  before  the  ^m. /7isf.  J/m.   Engrs.,  Pittsburgh  meeting,   1886. 

Illustrated. 
Coal,  Anthracite.    Analyses  of  large  commercial  samples,  with  full  analytical  data. 

//.  Geol.  Survetj  of  Penn.,  1883.    Vol.  A.  A. 

.    ffeo/ogy  0/ t/ie  PaJitAe?- Creefc  S«s('n,  with  sections,  plates  and  atlas.    By  C.   A. 

Ashbumer.    IL  Geol.  Survey  Penn.    Report  A.  A. 

Mine  Explo-iionn,  caused  by  fire-damp  forced  into  the  mine  from  the  surrounding 

earth  strata  as  a  result  of  a  sudden  fall  in  the  barometric  pressure.  A  rigid  relation 
of  cause  and  effect,  thought  to  have  been  established  by  observations  in  Hungary. 
Abstract  of  report  on  the  subiect  in  Engr.  News,  Feb.  6,  1886. 

Mining.    Methods  used  in  mining  the  thick  coal  of  South  Staffordshire,  England, 

the  vein  being  from  8  to  14  feet.  Fxfracts  covering  18  pp.,  from  a  paper  before  the 
British  Soc.  of  Min.  Students.    Illustrated.    Sch.  Mines.  Quar.,  April,  1886. 

,  Mining  of .  By  H.  M.  Chance.  IL  Penn.  Geol.  Survey.  Report  A.  C.  A  com- 
plete treatise,  freely  illustrated,  and  accompanied  by  maps  of  the  mining  practice 
of  the  anthracite  region.    Harrisburg,  1883. 

.    See  Fire  Damp. 

,  Waste  in  Mining  Anthracite.    By  Franklin  Piatt;  with  a  chapter  on  the  methods 

of  mining,  by  John  Price  Wetherill.  Numerous  illustrations.  1:54  pp.  Facts  largely 
deduced  from  mine  records.    Publications  2d  Geol.  Survey  of  Pa.,  A2,  1881. 

Tar  Distillation.    A  lecture  before  the  Franklin  Institute,  by  Prof.  S.  P.  Sadtler, 

Gives  several  methods,  the  piroducts,  etc.  Illustrated.  Jour.  Frank.  Inst.,  Feb., 
1886.  et  seq. 

,  Tests  of  Bituminous  for  Steam  Heating.    Results  of  extended  experiments  liy 

the  Cincinnati  Water- Works  of  four  kinds,  viz.:  Youghiogheny  No.  2,  lump;  Kanawha 
•' Winefrede''  lump;  Kanawha  Campbell's  Creek  lump;  and  "Peach  Orchard,"  Ky., 
lump.  Each  test  extending  over  48  hrs.  Complete  results  and  coal  analysis  given. 
Van  Nos.  Eng.  Mag.,  Dec,  188.5. 

Washing  for  Coke  Production.  The  Bell-Ramsey  machine  described  and  illus- 
trated.   Mechanics,  Nov.,  188.5. 

Coffer  Dams  in  the  Connecticut  River.  By  W.  H.  Bunall.  Givf  s  description  of  struct- 
ures built  in  the  river,  and  the  diflQculties  experienced.  Van  Nos.  Eng.  Mag.,  Vol. 
14,  p.  300. 
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Coigmet  Beton,  the  use  of  "■Eng  Masse."  Condensed  from  report  of  Chas.  K.  Graham 
to  the  Department  of  Docks.  Cites  a  number  of  works  where  used,  and  then  gives 
method  employed  in  the  dock  walls  at  New  York  City.  Van  Nos.  Eng.  Mag.,  Yol. 
13,  p.  203. 

Coke  OS  a  Fuel  for  Steam  Boilers.  By  A.  Ebreadorfor.  Concludes  that  fuel  may  be 
advantageously  used  in  almost  all  cases,  with  proper  arrangements,  and  is  to  be 
recommended  especially  where  smoke  is  a  nuisance.  Jotirnal  fiir  Oasbeleuchtung 
und  Wasserversorgung,  1886,  pp.  35-41. 

.    The  best  oven  for  coking  coal  for  furnace  xise.    Discussion  of  the  subject  with 

tables  of  cost.  By  John  Fulton,  E.  M.  Pp.  18.  Appendix,  Report  O,  Second  Oeo. 
logical  Survey  of  Pa  ,  1877. 
Columns  of  Cast  and  Wrought  Iron,  Brick,  Concrete  and  the  various  building  stones. 
Their  behavior  in  case  of  fire.  Results  of  experiments  in  Berlin.  Cast-iron  shown 
to  be  much  better  thao  wrought-iron,  not  so  good  as  cement  or  brick,  but  much 
better  than  the  stone.     Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXII.,  p.  394. 

,  Long,  Theory  of  the  Strength  of.      By  Ward  Baldwin.     Derives  and  discusses 

Gordon's  and  Hodgkinson's formulae.     Van  Nos.  Eng.  Mag.,  Vol.  XXII.,  p.  353. 

,  New  Formula  for  Strength  of.      By  Theo.  H.  Johnson.     The  formula  is  Euler's 

for  very  long  columns  and  the  equation  of  a  tangent  to  this  curve  for  short  lengths. 
They  give  results  agreeing  remarkably  well  with  the  recorded  experiments,  and  are 
likely  to  come  into  use.  Formulas  given  for  wrought  iron,  steel  and  wood;  for 
flat,  hinged  and  round  ends.  Also  curves  and  plots  of  observation.  Tr.  Am.  Soc. 
Civ.  Engrs.,  Vol.  XV.,  p.  517. 
Also  theoretical  derivation  of  column  formulas.    By  R.  Krohn,  p.  537. 

,  Strength  of.     By  E.  Hatzel.      Derives  formulsB  for  long  columns  and  applies 

results  to  cast  and  wrought  iron  and  stone  columns.  Van  Nos.  Eng.  Alag.,  Vol. 
lY.  p.  '361. 
Combustion.  A  Lecture  before  the  engineering  students  of  Cornell  University  on 
Fire.  By  J.  C.  Hoadley.  A  graphic  description  of  the  mechanical  and  chemical 
changes  and  methods  of  most  economic  use  of  fuel.  Illustrated.  Sc.  Am.  Suppl., 
May  8, 1886. 

by  Forced  Draught.     By  James  Howden.     Advocates  forced  draught.     Gives 

description  of  different  methods  in  use.     Van  Nos.  Eng.  Mag.,  Sept.,  1884. 

,  Forced.     A  paper  read   before  the  Inst,  of  Naval  Arch.     By  James  Howden. 

Gives  results  of  forced  combustion  on  the  "  City  of  New  York."    Shows  an  increase 
in  number  of  revolutions  and  decrease  in  amount  of  fuel  used.     Illustrated.      Engi- 
neering, May  7,  21  and  28,  1886. 
Compass  Deviation  on  Shipboard.    A  paper   by  H.  C.  Pearsons,  in  Proc.  Michigan 
Engineering  Soc,  1885.    Illustrated. 

,  Marine.    Sir  Wm.  Thompson's  new  compass.    Fully  illustrated.    The  Engineer, 

Jan.  1,  1886. 
Compressed  Air,  Flow  of.  Through  Long  Pipes.    By  E.  Stockalper.    Gives  details  of 
experiments  made  at  the  St.  Gothard  Tunnel.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV., 
p.  96. 

,  Physiological  Effects  of.    By  C.  M.  Woodward.    Gives  full  account  of  all  matters 

relating  to  the  use  of  compressed  air  during  the  building  of  the  St.  Louis  Bridge. 
Van  Nos.  Eng.  Mag.,  Vol.  XXVI.,  p.  29. 
Compression  Members.    Full-sized  Phoenix  Columns  tested  to  failure  at  the  Water- 
town   Arsenal  by  the  Government.    Full  account  of  the  tests,  with  discussion  by 
many  engineers  as  to  correct  formula.    Illustrated.    The  whole  filling  120  pp.  in 
Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XI.  (1882),  p.  1. 
Concrete  Buildings.     An  account  of  the  erection  of  the  Government  offices  of  con- 
crete, at  Simla,  India.   By  Walter  Smith.    Illustrated.    Trans.  Inst.  Civ.  Engrs.,  Vol. 
LXXXIIL.p.  390. 
Concrete  of  Portland  Cement.    Ingredients  and  graduation  of  sizes  for  maximum 
strength,  crushing  resistance,  methods  of  mixing,  conditions  of  economic  use  in 
place  of  masonry,  etc.,  by  Welfrid  S.  Boult.    A  standard  article  by  an  experienced 
engineer.    Trans.  Livervool,  Eng.  Soc,  Vol.  I.,  p.  6t. 
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Condensation  in  Steam  Cylinders,  determined  from  the  law  of  cooling  of  iron  In  con- 
tact with  a  >ras.     By  Prof  L.  D'Auria.    Jour.  Frank.  Inst.,  May.  188U. 

Conductins:  "Wires,  Merhanical  and  Electrical  Tents  of,  at  the  Phil.  Elec.  Exhib. 
Report  of  Committee  in  Suppl.  to  Jour.  Frank.  Inst.,  Nov.,  1885. 

Conductors,  Size  of.  By  H.  \V.  Leonard.  Treats  of  the  size  of  conductors  for  incan- 
desee lit  lighting  when  lamps  are  in  multiple  arc,  as  determined  by  a  required  loss  of 
electromotive  force.    Elec.  Eng.,  Aug.,  188G. 

Construction  in  Earthquake  Countries.  By  Prof.  John  Milne,  Tokio.  The  abstract 
of  a  paper  before  the  Inst.  Civ.  Engrs.  Lateral  motion  of  buildings  prevented  by 
resting  them  on  spherical  rollers.  Trans.  Inst.  Civ.  Engr.^.,  Vol.  LXXXIIL.  p.  278  ; 
also  Engr.  yews.,  April  3,  1886. 

Construction,  .s/ow  Burning.  A  series  of  articles  by  W.  H.  Dabney  In  Building,  Feb.  6, 
188(3,  et  aeq. 

Contracts.  Regulation  of.  Two  essays  on  how  far  men  should  now  be  left  free  to 
make  their  own  bargains.  By  A.  T.  Hadley  and  W.  G.  Sumner  in  Science,  March 
5,  1886. 

Convention  of  the  Am.  Soc.  Civ.  Engrs.  at  Denver,  July,  1886.  A  very  readable  ac- 
count of  one  of  the  most  pleasurable  excursions  ever  taken  by  the  Society.  Engr. 
Nfws.  Aug.  7,  1886. 

Corrosion  of  Metals  during  long  exposure  to  Sea  Water.  The  results  of  numerous 
experiments  extended  over  several  years.  Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXU., 
p.  281. 

Cotton  Powder,  as  Tonite.  Gives  short  history  of  explosive  and  special  properties  of 
the  form  of  gun-cotton  known  as  tonite.     Van  Xos.  Eng.  Mag.,  Vol.  XIX.,  p.  321. 

Conntevha.la.ncing  of  Engines  and  other  Machinery.  By  Prof.  S.  W.  Robinson.  The 
paper,  with  discussion,  covering  40  pp.  Illustrated.  Trans.  Am.  Soc.  Mech.  Engrs. 
Vol.  II.,  p.  243. 

Cranes,  Electric.  Full  description  of  the  machine  used  by  the  Compagnie  des  Entre- 
pots et  Magasins,  Paris,  for  handling  bales  of  wool.  Illustrated.  Sci.  Am.  Sup. 
May  22,  1886. 

Crane.  Descripiion  of  a  crane,  30  meters  high,  used  in  the  construction  of  the  church 
of  Montmartre.  Memoires  de  la  Sociite  des  Ingenieurs  Civils,  August,  1885,  pp. 
209  -227.    (With  3  plates.) 

.  A  Sixty-ton  Derrick  Crane  at  Port  Glasgow,  describad  and  cut  given.  Engi- 
neering, Dec.  11,  1885. 

Creosote,  and  Creosoting.  A  valuable  short  paper,  being  an  abstract  of  a  report  by 
Dr.  C.  M.  Tidy  to  the  Directors  of  the  Gas  Light  and  Coke  Co.,  London.  Its  pre- 
serving qualities  analyzed.     Van  Nos.  Eng.  Mag.,  Dec,  1885. 

,  Wood,  for  the  preservation  of  timber.    The  practice  and  results  of  the  Carolina 

Oil  and  Creosote  Co.,  of  Wilmington,  N.  C.    Eng.  News,  Jan.  16,  1886. 

Creosoting-  Apparatus  for  treating  R.  R.  Ties,  designed  to  be  portable.  Used  in 
France.    Fully  illustrated  by  12  cuts,  Sc.  Amer.  Suppl.,  Nov.  21, 1885. 

Cross  Sectioning:,  A  method  of  Angular.  By  R.  Bell.  Gives  method  which  can  be 
used  to  great  advantage  on  high  cliff  and  rough,  irregular  ground.  Van  Nos.  Eng. 
Mag.,  Vol  XIV.,  p.  :393. 

Cross  Sections.  Graphical  Method  of  Determining  Areas  of  Railways.  By  M.  Dubret. 
Van  Nos.  Eng.  Mag.,  Vol.  XXVin.,  p.  1. 

Cross  Ties.  Iron  vs.  Wooden.  By  J.  L.  Weyers.  Reviews  briefly  the  different  sys- 
tems proposed  and  gives  the  objections  to  them.  Van  Nos.  Eng.  Mag.,  Vol.  XVII., 
p.  525. 

Crushing  Machines.  By  Prof.  H  Fischer.  A  valuable  discu-^sion  of  all  the  differ- 
ent types  of  machines.  Illustrated.  Zeitschrift  des  Vereins  deuischer  Ingeniure, 
1886,  pp.  175-180,  189-194.  219-223,  229-234,  278-284,  333-338,  353-358,  399-403. 

Culverts,  Size  of.    See  Floods  in  Stony  Brook  ;  also  Washouts. 

.  Standard  timber  box  culverts  as  constructed  by  the  Chicago,  Milwaukee  &  St. 

Paul  K.  R.  Co.    Detailed  drawing.    R.  R.  Gaz.,  May  14,  1886  ;  Eng.  News,  May  22. 
1886. 
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Current  Meter.  Description,  use,  methods  of  rating  and  accuracy  of  its  results.  By 
F.  P.  Stearns.  Applies  to  the  meter  with  helicoidal  vanes  and  to  its  use  in  small 
channels  and  conduits.    Trans.  Am.  Soc.  Civ.  Engrs.,  Vol  XII.,  p.  301. 

Measurement  in  the  Ehine.    Gives  description  of  method  employed  and  results 

obtained.  Floats  gave  a  slightly  higher  value  of  the  mean  velocity  than  the  meter. 
Tan  Nos.  Eng.  Mag..  Vol.  XXIX.,  p.  151. 

CvLwes,  Circular,  for  Railroads.  By  Wm.  M.  Thornton.  Gives  a  number  of  approxi- 
mate formula  and  a  small  collection  of  tables  with  the  object  of  saving  time  over 
the  usual  logarithmic  method.     Van  Nos.  Eng.  Mag  ,  Vol.  XIX.,  p.  10. 

Damp.  An  extract  from  a  paper  by  Mr  M.  G.  Philllppe  on  the  cause,  effects,  preven- 
tion and  cure  of  damp  in  buildings.    Van  Nos.  Eng.  Mag.,  Vol.  XXV,,  p.  476. 

Dam  Construction.  An  account  of  the  repairs  now  making  to  the  Holyoke  dam  on 
the  Conn.  Riv.  under  the  direction  of  Clemens  Herschel.  The  dam  is  composed  of 
cribwork,  first  built  in  1849,  now  being  made  impervious  to  water  by  filling  in  with 
gravel,  well  washed  or  "puddled"  with  streams  of  water.  Illustrated.  Am.  Eng., 
Oct.  15,  1885. 

Dams  and  the  Method  of  Computing  them.  Strains  in  High  Masonry.  By  E.  S. 
Gould.    Van  Nos.  Eng.  Mag.,  April,  1884. 

Dam.  Description  of  the  broken  mud  pond  dam  at  East  Lee,  Mass.  Eng.  News,  May  1, 
1886. 

Masonry.    Theoretical  derivation  of  profiles  for.    By  W.  B.   Coventry.    Trans. 

Inst.  Civ.  Engrs.,  Vol.  LXXXV.,  p.  281. 

,  Quaker  Bridge.    Plan,  section  and  general  view,  with  description.    Sc.  Am. 

Suppl.,  Sept.  11,  18S6. 

.    Across  the  Strug  in  Galicia.    Built  of  wood  and  founded  on  piles  in  soft  groimd. 

Wochenschr .  d.  Oesterr.  Ing-  und  Arch.-Vereins,  1886,  pp.  9-14. 

,  For  Reservoirs .     'Bj  W.  J.  McAlpine.    Gives  copy  of  specifications  for  restoring 

the  earthen  dam  at  Worcester.     Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  54. 

,  Vyrnivy,  Masonry.    Description  and  sketch  of  the  Lake  Vyrnwy  masonry  dam, 

constructed  for  increasing  the  water  supply  of  Liverpool.  Character  of  stone, 
binding  material  and  method  of  laying  given,  cross  section  and  diagram  of  stresses. 
Rubble  masonry,  using  very  large  blocks,  filling  spaces  with  concrete.  Area  of  luke 
1,115  acres;  available  contents,  11,900,000,000  gallons  ;  length  of  embankment, 
1,255  feet ;  height,  139  feet.  Abstracted  from  Engineering,  Jan.  8, 1886.  Engr. 
News,  Jan.  30,  1886;  also  San.  Engr.,  Jan.  28,  1886. 

,    The  Wei zman  Retaining.    By  Paul  Grueber.    Gives  a  sketch  ot  Sarrell's  study 

of  torrential  streams,  and  an  account  of  one  of  the  dams  built  to  carry  out  his 
method.  The  dam  is  built  to  retain  the  detritus  from  the  upper  part  of  the  river 
Gail.    Eng.  News,  June  5,  1886. 

Diagrams,  Kinematic  By  Prof.  R.  H  Smith.  A  paper  before  the  Royal  Society, 
1885.  Abstract  of  method  and  illustrative  diagrams  in  The  Engineer,  July  31,  1885, 
and  April  2,  1886. 

"Dikes  of  Isle  De  Re.  A  short  description  of  the  dikes,  with  profile.  Van  Nos.  Eng. 
Mag.,  Vol.  XXVII.,  p.  879. 

Dimensions,  Various  Methods  of  Determining.  By  Dr.  J.  Weyrauch.  Gives  a  short 
demonstration  and  comparison  of  the  methods  of  determining  dimensions  based  on 
the  assumption  of  variable  strength.  A  number  of  examples  and  tables  given. 
Van  Nos.  Eng.  Mag.,  Vol.  XXIX.,  pp.  310  and  385. 

Discharge  of  Streams  in  Relation  to  Rain-Jail.  By  A.  G.  Coghlan  before  the  Inst,  of 
C.  E.  A  valuable  paper  discussing  the  results  of  seven  years'  observation  on 
streams  in  Australia.  Area  of  water-shed,  354  sq.  miles.  Rain-fall  from  16  to  64 
inches;  average,  54.  Per  cent,  of  discharge  varied  from  9  to  68  inches;  average,  44 
inches.     Van  Nos.  Eng.  Mag.,  July,  1884. 

of  Water  Main,  as  determined  by  the  Pressure  Gauge.    Part  of  a  paper  by  G.  A. 

Ellis,  before  the  New  England  Water- Works  Association.  Eng.  News,  June  26 
1886. 
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Docks,  Pumpi)i(i  iiiul  H  luling  Machinery.  l>escription,  with  d  juble-page  drawinj? 
of  ihe  mQchintTV  at  the  Windsor  Slipivay  Lower  Grange  Tower,  Cardiff.  Enyinevr- 
huj.  July  J>,  IHSG 

,  Deseriiition  of  the  doep-water  dock  at  Tilbury,   Kiifflaiid.     Nci.   Amer.    Sup., 

May  e'.i,  lt<SG. 

Dock  Walls,  Stability  of.  Py  R.  Allen.  Gives  description  of  new  method  of  compu 
tation.     V(tn  Nos.  Eng.  Mag  ,  Vol.  XX.,  p.  306. 

Draught,  Forced  by  a  fan  in  the  flue.  Successfully  applied  by  Martin  &  Co.,  London. 
Description  and  cuts.  Method  of  keeping  bearings  cool  shown.  A  draught  equal  to 
■-'Ljj  inches  of  water  obtained.    Iron,  Nov.  6,  18«.j. 

Hr&inR.e&lS.a.iTa.,  of  MamciUes,  France.  The  new  scheme  that  has  been  adopted  to 
prevent  the  fouling  of  the  port.    Engineering  Era  (Cleveland,  U.!,  Oct.  2;i,  1885. 

Drainag-e.  A  paper  by  George  WiKson,  giving  details  of  the  drainaee  and  iraprovem«^nt 
of  1,.")00,000  acres  of  desert  land  in  the  west  of  F'raucd'.  Van  Nus.  Engr.  Mag.,  Vol. 
XX,  p.  502. 

of  Lake  Sucino.    A  description  of  the  work  and  methods  employed.    Van  Nos. 

Engr.  Mag.,  Vol.  XVIIL,  p.  433. 

of  Hillsides  by  tile  drains.  By  John  L.  CuUey.  An  account  of  a  successful  drain- 
age of  a  springy  slope.    Illustrated.    Jour.  Assoc.  Engr.  Soc,  Vol.  V.,  p.  200. 

of  Land  in  Illinois  on  a  large  scale  by  means  of  dredges.     Cut  of  dredge  shown. 

Kngr.  Newa,  Dec.  19,  1885. 

of  Large  Marshes.    By  C.   E.  Hollister.     Gives  description  of  the  draining  of 

several  marshes  in  Michigan.     Van  Nos.  Eng.  Mag.,  Oct.  1884. 

Works  near  Markdorff,  in  Bavaria.    Short  description  of  work  executed  at  a  cost 

of  S'-5.000,  consisting  of  the  drainage  of  swamp  lauds  covering  about  865  acres. 
Deutsche  Bauzeitung,  18S5,  pp.  497-99  and  521-23. 

of  th'!  Valley  of  Mexico.    By  Francisco  de  Garay.    Avery  instructive  historical 

account  of  the  anomalous  condition  of  this  valley,  the  evil  effects  on  health  of  a 
want  of  proper  drainage,  and  of  the  various  attempts  that  have  been  made  to  drain 
the  basin.    Also  a  description  of  the  author's  o'an  for  accomplishing  this  result, 
with  large  map.     Trans.  Am.  Soc.  Civ.  Engr.f.,  Vol.  XII.  (1883),  p.  153. 
.  By  J.  P.  Furzell.    Treats  of  the  reclamation  of  the  submersible  landsof  the  Mis 

sissippi  Valley.  A  criticism  on  the  report  of  the  Commission  authorized  by  Con- 
gress in  1874.     Van  Sot.  Eng.  Mag.,  Vol.  XIII.,  p.  18. 

of  the  Valleys  of  Mystic,  Blackstone  and  Charles  River,  Mass.      A  report  by  a 

State  Commission  upon,  with  Eliot  C.  Clarke  as  Chief  Engineer.  A  book  of  200  pp. 
and  28  plates.  The  recommendations  indorsed  by  Joseph  P.  Davis  and  Rudolph 
Hering  as  consulting  engineers.  The  net  results  of  an  expenditure  of  some  $35,000. 
Intermittent  downward  filtration  recommended  in  most  cases.  The  book  is  a  sub- 
stantial addition"to  the  literature  on  sewage  disposals.  Apply  to  Eliot  C.  Clarke, 
Cbf.  Engr..  15  Brimmer  street,  Boston,  Mass.  A  three-column  abstract  given  in 
Engr.  News,  Jan.  23,  1886. 

of  the  Oak  Orchard  and  Tonatoanda  Swamps,  New  York.    The  reclamation  of 

25,000  acres  of  swamp  land  found  perfectly  feasible  at  a  small  cost.  The  scheme 
outlined,  accompanied  by  maps.    N.  Y.  State  Survey  Report,  1883. 

by  Underground  Tile  and  Open  Ditch.  Capacity  of  Tile  Drains  and  Open- 
Ditches.    Some  working  formulas,  by  Prof.  Baker.     Engr.  Newt.,  Sept.  4,  1886. 

Drawbridge  over  Unrlem  River,  New  York.  Designed  by  Theo.  Cooper.  Operated  by 
hydraulic  pressixre.    Illustrated  and  described  in  Sc.  Amer.,  Jan.  2, 1886. 

Drawing  Boards,  Recent  Improvements  in.  By  Theo.  Bergner.  A  ruler  moves 
parallel  to  itself  over  the  board  by  means  of  pulleys  and  an  endless  cord.  Its  accu- 
racy is  practically  perfect.  Highly  recommended  by  those  who  have  used  it.  Not 
pa'ented.    Details  shown.    Proc.  Am.  Soc.  Mech.  Engrs.,  Vol.  VI.,  p.  224. 

Drawings  Beproduced  in  black  on  white  ground.  Sensitized  paper  uaed,  and 
process  similar  to  the  blue  process,  but  no  chemicals  needed.  Engr.  Xeios.,  Nov.  28, 
1885. 
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Drawing--Oflace  System.  By  Henry  R.  Towne.  Trans.  Am.  Soc.  Mec/i.  Engrs.,'Vo\. 
v.,  p.  193. 

Dredge.  Description,  with  large  detailed  drawingr,  of  a  twin-screw  dredge,  having  a 
capacity  of  400  tons  per  hour  in  a  depth  of  33  feet  of  water,  constructed  for  Auck- 
land Harbor.     Engineering,  June  II,  188(3. 

.   Neio  Steam  Dredge  at  Hamburg.    By  G.  Vogeler.  Large  Ducket  dredge.  Length 

of  bucket  ladder  over  80  feet.  Capacity  averaged  about  300  cu.  yds.  per  hour  for 
over  a  year.  Cost  about  $90,000  Described  and  iWustraied  ia  Zeitschrift  des  Vereins 
deutscher  Ingenieure,  1886,  pp.  441-443,  465-470. 

,  Pumping.  The  Badger  dredge,  as  operated  at  Coney  Island,  New  York,  described 

and  illustrated.    Seems  to  be  very  efficient.    Engr.  Neics,  Jan.  30,  1886. 

for  use  in  Shaft  Sinking  under  water  or  for  pier  foundations.    From  the  French. 

Illustrated.  Buckets  on  an  endless  chain ;  and  also  by  jet  operated  by  forcing  air 
into  the  elevating  tube  near  the  bottom.    Engr.  News.  March  6,  J 886. 

Drills,  Twist.  An  inquiry  into  the  requirements  of  the  cutting  edges  of  twist  drills. 
A  paper  before  the  Am.  Soc.  Mech.  Engrs.,  by  Wm.  H.  Thorne,^ni  Engr.,  Nov.  19 
1885. 

Drop  Press,  Pressure  Attainable  by  the  Use  of  the.  By  Prof.  R.  H.  Thurston.  Obtained 
an  efficiency  of  909°.  Gives  table  of  pressures  obtained  by  using  drops  weighing  from 
50  pounds  to  2,000  pounds,  falling  from  3  inches  to  5  feet.  Van  Nos  Eng.  Mag., 
Jan.  1884. 

Dynamite.    See  Blasting. 

Dynamo-Electric  Machines,  Tests  of ,  at  the  Phil.  Elec.  Exhib  Report  of  Com- 
mittee.   Illustrated,  covering  60  pp.,  in  Supp.  to  Jour.  Frank.  Inst.,  Nov.,  1885. 

.  On  the  establishment  of  a  common  basis  for  the  tests  and  efficiency  percent- 
ages.   By  Ch.  F.  Heinrichs.    Elect.  Engr  ,  N.  Y.,  February,  1886. 

.    A  series  of  lectures  by  Prof.  S.  P.  Thompson  before  the  Society  of  Arts.    Treats 

of  the  construction  in  detail,  and  describes  special  machines  as  typical  of  a  class. 
Van  Nos.  Eng.  Mag.,  Vol.  XXVIIl.,  pp.  211  and  265;  also  No.  66 of  Van  Nos  Science 
Series. 

and  their  Engines.    By  Gisbert  Kapp.    Considered  theoretically  and  practically, 

and  fully  illustrated.  This,  with  the  discussion,  covers  150  pp.  in  Trans.  Inst.  Civ. 
Engrs.,Yol.hXXXill.,i>.  123,  and  Elect.  Engr.,  August,  188Q.  See  also  Engines, 
Highspeed. 

.    Testing  th«ir  Commercial  Efficiency.    A  description  of  the  application  of  Hop- 

kinson's  method.    Illustrated,    r/je  ^ng'meer,  March  5,  1886. 

,  Notes  on  the  Deposition  of  Copper  by.    By  A.  T.  Delafleld,  .Eiecf.  Eng.,  Kug.^ 

1886. 

Dynamometer,  Construction  of  a  Large  Prony  Brake.  By  R.  H.  Thurston.  Specific- 
ally described  and  worked  out.    Jour.  Frank.  Inst.,  April,  1886. 

,  The  Tatham.    Used  for  testing  motors  at  the  Phil.  Elec.  Ex.,  capacity  100  H.P. 

Tested  by  churoing  water  and  getting  thus  the  mechanical  equivalent  for  1°  Fahr. , 
which  was  found  to  be  772.8  ft.-pds..  thus  proving  its  absolute  accuracy  within 
exceedingly  small  limits.    Illustrated.    Jour.  Frank.  Inst.,  Dec,  1883. 

Earth  Pressure.  By  Wm.  Cain.  Gives  a  comparison  between  results  obtained  from 
a  formula  and  from  experiments.     Van  Nos.  Eng.  Mag.,  Vol.  26,  p.  89. 

.    New  Investigation  on  Earth  Pressure,  smA  the  most  economical  shape  of  re- 

taining-walls.  By  M.  L.  Leygoe.  This  very  interesting  paper  contains  the  results 
of  an  extended  series  of  experiments  on  the  cohesion  of  earth,  the  direction,  point 
of  application,  and  amount  of  earth  pressure,  and  the  best  form  of  retaining-wall, 
with  empirical  formulas  deduced  therefrom,  and  all  compared  with  the  results 
given  by  ordinary  theories  and  with  other  experiments.  Annales  des  Ponts  et 
Chaussies,  November,  1885,  pp.  788.  1004. 

. ,  Retaining  Walls.  The  old  story  about  retaining  walls  and  earth-pressure,  bring- 
ing the  subject  down  to  the  present  dav  and  hour,  and  comprising  a  digest  of  about 
all  matter  of  any  present  value  hitherto  written  upon  it.  Ann.  des  Ponts  et 
Chaussees,  November,  1885. 
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Earthquake  of  Grenada  in  1'^S4.  A  description  which  is  of  interest  in  vl"w  of  the 
recoiii  eartli(|iiake  ut  Cbaiieston.     Trans.  Inxt.  Civ.  Engrs.,  Vol.  LXXXV.,  p.  275. 

Earthwork.  Honow-Pit  Ej-cavation  at  Portland,  Oreijon,  for  N.  Pac.  R.  R.  terminal 
yarils?.  The  earth  loosened  on  bluff  banks  liy  Judsou  powder,  and  wheeled  to  cars 
on  elevated  platforms.  Proved  more  economical  than  steam  shovels.  Illustrated. 
Knyr.  Xcirs,  Nov.  28,  1885. 

,  Calculation  of.     By  N.  B.  Putman.    Discusses  Simpson's  rule  and  the  prismoidal 

formula.     Van  Nos.  En<i.  Ma<j.,  Vol.  XV'I.,  p.  IGl. 

,  Centre  of  Gravitij  of .    By  . I.  W.  Davis.    Proposes  a  method  for  simplifying  the 

computation  of  haul,  etc.     Van  Nos.  Enq.  Mag.,  Vol.  XVII  ,  p.  83. 

.  Cornpittation  of.  By  E.  W.  Hyde.  Investigates  the  application  of  the  prismoi- 
dal formula  and  compares  it  with  Weddle's  formula.  Van  Nos.  Eng.  Mag.,  Vol. 
XV.,  p.  2-'7. 

:    Graphic  method  for  measuring  cross-sections.    By  M.  H.  Willette.    Gives  simple 

method  o£  constructing  profile  of  cross-section  and  obtaining  its  area.  Van  Nos. 
Eng.  Mag.,  Vol.  XXIV.,  p.  153. 

,    Actual  Pressure  of.    Bj- Benj.  Baker.    A  paper  of  great  value  to  all  who  are 

likely  to  be  confronted  with  the  question  of  high  retaining  walls.  Van  Nos.  Eng. 
Mag.,  Vol.  XXV.,  pp.  333-353  and  492  ;  also  No.  5G  Van  Nos.  Science  Series. 

.  Shrinkage  of .  By  P.  J.  Flyun,  before  the  Tech.  Soc.  Pac.  Coast.  Avery  valu- 
able paper,  giving  a  summary  of  all  published  rules  and  experiments  on  the  subject. 
Attention  called  to  the  error  made  in  allowing,  m  embankments,  a  correction  only 
for  ultimate  shrinkage  from  cut  to  flU,  without  reference  to  first  increase  in  embank- 
ment.    Van  Nos.  Eng.  Mag.,  Dec,  1885.     Eiig.  Neivs,  May  1  and  8,  1886. 

.     Tables  for  finding  end  areas  for  three-level  sections.    A  description  of  the 

tables  used  by  W.  W.  Redfleld,  whereby  the  labor  is  greatly  reduced.  Jour.  Assoc. 
Engr.  Soc,  Vol.  V.,  p.  217. 

Eddystone  lag'hthouse.  Gives  short  history  of  construction  of  the  new  tower  and 
description  of  the  lantern.     Van  Nos.  Eng.  Mag.,  Vol.  XXVII.,  p.  120. 

Efflorescence.    See  Brick  Walls. 

Electrical  Art  in  the  U.  S.  Patent  Office.  By  C.  J.  Kintner,  a  patent  examiner,  A 
review  of  the  patents  issued  previous  to  1876,  with  many  mteresting  examples  of 
worthless  applications.  Jour.  Frank.  Inst.,  May,  1886.,  Sci.  Am.  Srip.,  June  5,  1886. 

Electric  Batteries  for  Liglit  and  Poiver.  ByA.H.  Bauer,  before  Am.  Inst,  of  Elec. 
Engrs.  Reports  result  of  three  years' work  with  the  Faure  battery  at  Baltimore. 
Elect.  Engr  ,  June,  1886. 

Electrical  Conductors.  New  formulas  for  dimensioning  conductors  for  carrying 
power  when  the  power  to  be  delivered  at  a  given  distance  is  known.  Results  very 
different  from  those  obtained  by  Thomson's  formulas.  By  Professors  Ayrton  and 
Perry.    Engineering,  March  19,  1886. 

,  Sizes  of,  for  uniform  heating;  determined  mathematically  by  Carl  Hering.    Elec. 

Engr.,  N.  Y  ,  February,  1S86. 

Electric  Currents.  A  paper  by  C.  W.  Siemens,  on  certain  means  of  improving  the 
steadiness  of  dynamo-electric  currents.     Van  Nos.  Eng.  Mag.,  Vol.  XX%'I.,  p.  65, 

,  The  Healing  of  Aerial  Conductors.    By  J.  G.  White.    Gives  details  of  experiments 

made  to  determine  the  effects  of  heating  and  consequent  changes  of  resistance  of 
aerial  conductors  carrying  electric  currents,    Elec.  Engr  ,  August,  1886. 

in  Relation  to  the  Nature  and  Form  of  Conductor;  the  Self-induction.  Discus- 
sion by  the  Soc.  Tel.  Engrs.  and  Elect.  Engrs.    Elec.  Engr.,  June,  1884. 

Electrical  Distribution.  A  series  of  lectures  bv  Prof.  Geo.  Forbes  before  the  Soc.  of 
Arts,  London.  They  are  designed  to  assist  engineers  in  drawing  specifications  and 
in  selecting  the  system  to  be  adopted.  Accompanied  with  valuable  tables.  Jour. 
Soc.  Art$,  London.  Oct.  2.  1885.  et  seq.  Van  Nos.  Eng.  Mag.,  April,  1886.  Electr. 
Engr.  fN.  Y.),  April,  1886. 
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Electi'ic  Dynamo  Building',  for  amateurs.  A  series  of  illustrated  articles  intended 
to  enable  any  mechanic,  witu  the  ordinary  shop  conveniences,  to  build  a  dynamo 
of  any  desired  size.  From  the  Englinh  Mechanic  in  Electrical  Engineer  (N.  Y.), 
May,  1S86,  et  seq. 

.    A  new  form  of  engine  dynamo  and  motor,  invented  by  Mr.  Henry  Joel,  and 

riade  interchangeable  in  all  its  parts.  Perspective  view  and  details.  Sci.  Am.  Suppl., 
July  3,  1886. 

Electric  Lamps.  Commercial  efflciency  of  the  different  systems  used  in  America,  all 
things  considered.  From  Frank.  Inst.  Tests.  By  Carl  Herlng,  in  Elec.  Enqr.  (N. 
Y.),  Jan.,  1886. 

.    An  account  by  Count  Du  Moncel  of  the  Edison  system  as  displayed  at  the  Paris 

Exhibition.    Van  Nos.  Eng.  Mag.,  Vol.  XXV,  p.  439. 

Electric  Lighting:.    The  Brush  System.     By  Chas.  F.  Brush.    Explains  the  principal 

features  of  the  system.     Van  Nos  Eng.  Mag.,  Vol.  XXI,  p.  395. 
,  Candle  power  of.    By  P.   Higgs.    A  paper  before  the  Inst,  of  C.  E.,  with  full 

discussion.    Van  Nos.  Eng.  Mag  ,  Vol.  XXVII,  p.  33  to  105. 
by    incanlescence,    The   economy   of.      By   John    W.  Howell.       Treats  of  the 

economy  of  the  generator  ;  conductors  and  lamps.   Van  Nos,  Eng.  Mag.,  Vol.  XXVI 

page  51 . 

Meter.    By  Francis  Jehl.    Gives  complete  exposition  of  the  principle    upon 

which  thd  Edson  electric  light  meter  is  operated.  Van  Nos.  Eng.  Mag.,  Vol.  XXVII., 
p.  197. 

in  Mills.    Abstracted  from  Report  of  C.  J.   H.  Woodbury,  Inspector  of  Boston 

Manufacturers  Mutual  Fire  Insurance  Co.  Deals  with  expense.  Experience  with 
light  in  mills  and  the  safeguards  adapted.  Van  Nos.  Eng.  Mag.  ,Yol.  XXVIII.,  p.  228. 

.  The  Installation  of  Plants.  A  series  of  artifiles  by  J.  M.  Ordway,  Superinten- 
dent Bridgeport  Electric  Light  Co.  Discusses  the  economical  features  of  the  prob- 
lem.   Electr.  Engr.  (N.  Y.),  May,  1886. 

of  Railroad  Trains.    By  Wm.  Stroudley.    Describes  a  method  in  use  in  England, 

where  the  motor  is  geared  by  belting  to  the  axle  of  a  car.  When  the  train  stops, 
t'le  current  is  supplied  from  accumulators.  Seems  to  be  very  simple  and  succeaa- 
ful.     Trans.  Inst.  Civ.  Engrs  ,  Vol.  LXXXIII.,  p.  329. 

at  Silvertown.    Gives  description  of  the  electric  plant  at  the  works  of  the  India 

Rubber  Company,  at  Silvertown,  Eng.    Engineering,  June  11  and  18,  1886. 

Tests.    Abstract  of  a  thesis  at  Mich.  Univ. ,  by  F.  C.  Wagner.    Am.  Engr.,'Sov. 

12,  1875,  et  seq. 

,    Some  Points  in.    A  lecture  before    the  Institution  of  Civil  Engineers,  by  Dr 

John  Hopkinson,  treating  on  some  points  relating  to  the  conversioa  of  mechanical 
energy  into  electrical  energy.  Van  Nos.  Eng.  Mag.,  Vol.  XXIX.,  p.  394.  Also  Van 
Nos.  Sci.  Series,  No.  71. 

Abstracted  from  a  work  of  W.  E.  Sawyer.  Treats  of  the  division  and  regula- 
tion of  the  current.    Van  Kos.  Eng.  Mag.,  Vol.  XXIV.,  p.   220. 

See  Incandescent  Lamps. 

Electric  Magrnets.  The  Construction  of.  Translated  from  the  French  of  Th.  Du 
Moncel.  Gives  mathematical  theory  (algebraically)  based  upon  patient  and  skillful 
experiments.  The  laws  are  concisely  translated,  and  the  limits  of  applicability 
tested.     Van  Nos.  Eng.  Mag.,  Vol.  XXVIU.,  pp.  51  and  89. 

Electric  Potential,  Energy  and  Work.  By  Lieut.  B.  A.  Fiske,  Van  Nos.  Eng.  Mag., 
Vol.  XXVIII.,  p.  386. 

Electric  Railways  and  the  Transmission  of  Power  by  Electricity.  A  paper  before 
the  Society  of  Arts,  by  Alex.  Siemens,  with  discussion.  Van  Nos.  Eng.  Mag.,  Vol. 
XXV.,  p.  45. 

Electrical  Safety  Lamp  fur  Mines,  designed  by  F.  Wilson  Swan.  Weighs,  with  its 
portable  battery,  about  six  pounds.  Engineering  Era  (Cleveland,  O.),  Oct.  22, 
1885. 
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£lectric  Sigrnalingr  Apparatus.  Report  of  Board  of  Examiners  on  Ihe  exbibits  at 
the  Phila(lei]>liia  Kxliil)iiion.  Tlirt-e  systems  rep  irted  on,  being  those  of  llie  Union 
Switch  iiiul  Sii;nal  Co.,  tlie  Hull  System  auil  the  I'litnani  System.  All  tliese  most 
cKarly  and  fully  describeil,  with  many  cuts.  Supplement  to  the  Jour.  Frank.  Innt., 
.hinuary,   lUMl. 

Electric  Street  Railway.    The  Blackpool  Tramway,  Enjcland,  as  now   in  operation. 

Siemens  system  with  un(ler(,'rouiul  conductors.     Thi:  Engineer,  Jan.  1,  1880. 
A  paper  before  I  he  Inventors' Institute,  Eng.,  with  discussion.     Van   Nos.   Enrj. 

.\fag..  November,  188.'>.  also  Elec.  Eiigr.  (N.  Y.),  November,  1885. 
Electric  Subways  in  Europr.    Facts  obtained  by  President  Plympton  of  the  Brooklyn 

Subways  Commission  in  a  recent  visit  to  Europe.    Only*  three  cities  in  all  Europe 

have  telephone  wires  under  ground.    Eiigr.  and  Min.  Jour.,  Sept.  18,  ]880. 
,  of  Xeio  Yurk.    Description  of  the  Dorset  system  and  tests  of  the  material,  this 

system  having  been  adopted  by   the  Commission.     Illustrated.    Engr.   News,   Sept. 

11,  1880. 

Commission.    Full  report  of  the  New  York  Commission  on  placing  wires  under 

ground,  giving  result  of  their  work  for  the  past  year.    Elect.  Engr.,  August,  1880. 

Electrical  Transmission  of  Energy.  By  M.  Levy.  A  theoretical  consideration  of 
the  subject.     Van  Nos.  Eng.  Mag.,  Vol.  XXVII.,  p.  341. 

of  Power.  Preliminary  report  of  the  experiments  between  Paris  and  Creil,  a  dis- 
tance of  35  miles.  An  industrial  efiBciency  of  fifty  percent,  obtained.  Electrical 
JJei;.  (X.  Y.\  December.  1885.  Also  an  account  of  the  many  experiments  made  to 
transmit  power  of  large  amounts  and  to  long  distances  given,  inclu  ling  the  Paris- 
Creil  experiments.  From  La  Lumiire  Electriqw,  in  Sc.  Am.  Suppl  ,  Jan.  t>3,  1886, 
el  seq 

Electrical  r/ni7.s  of  Measurement.  By  Sir  Wm.  Thomson,  before  the  Inst,  of  Civil  Eugrs. 
Van  Sos.  Eng.  Mag  ,  May,  1884. 

Electricity,  Distribution  of,  by  Induction  Apparatus.  Bv  Richard  Riihimann.  Zeit- 
Kctirift  des  Vereins  deutscher  Ingenieure,  1886,  pp.  68-74. 

,  Dynamic.    A  series  of  elementary  articles  by  Carl   Hering,  a  theoretical  and 

practical  electrician.    Electr.  Engr.  (N.  Y.),  April,  1886,  et  seq. 

and  Gaf,  Light  and  Energy  of.  By  J.  T.  Sprague.  Examines  some  of  the  questions 

asked  and  answered  before  tne  Committee  of  Parliament  on  lighting  by  electricity. 
V^an.  Nos.  Eng.  Mag.,  Vol.  XXI.,  p.  384. 

.    On  the  Measurement  of  for  Commercial  Purposes.  By  J   N.  Schoolbred.  Treats 

of  the  supply  of  electricity,  and  describes  numerous  machines  for  measuring  the 
quantity.  Van  ^os.  Eng.  Mag.,  Vol.  XXIX.,  p.  319;  also,  Van  Nos.  Science 
Series,  71. 

as  a  Motive  Power.  By  Prof.  Geo.  Forbes.  Discusses  the  results  which  have  already 

been  obtained,  and  shows  whit  step^  are  immediately  possible  with  our  present 
knowledge  aad  experience.     Van  JVo.s.  Eng.  Mag.,  Vol.  XXIX.,  p.  161. 

.    Self-induction.    X  report  of  the  experiments  performed  by  Professor  Hughes 

before  the  Royal  Society  of  Arts.  Gives  methods,  apparatus  and  general  conclusions 
and  their  practic  il  importance.     Set.  Am.  Suppl.,  July  '24,  1880. 

.  The  transformation  of  heat  into  electrical  energy  without  batteries,  thermopiles 

and  dynamo  machines  ;  also  the  relative  expense  of  several  sources  of  energy.  Set. 
Am.  Suppl.,  July  31,  1886. 

in  Warfare.     A  Lecture  before  the  Frank.  Inst.,  by  Lieut.  B.  A.  Fisk,  U.  S.  N. 

Gives  an  account  of  all  recent  applications  of  electricity  in  buth  land  and  naval  war- 
fare.    Van  Nos  Eng.  Mag.,  December,  1885. 

Electro-Motors.  A  paper  by  Henry  Morton  on  the  theory  and  construction  of  the 
leading  forms  of  electro-motors  and  their  influence  in  the  production  of  electric 
light.    Illustrated.     Van  Xos.  Eng.  Mag.,  Vol.  XXII.,  p.  3si7  to  441. 

Elevated  Railroad.  A  description  of  the  Meigs  System,  as  built  in  Cambridge,  M  «8S. 
A  single  track  on  a  single  line  of  columns.  A  paper  by  F.  E.  Galloupe,  before  Am. 
Soc.  Mech.  Engrs.    Illustrated.     Printed  in  Am.  Engr.,  Nov.  19.  1883. 
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Elevations  above  Sea  Level  in  New  York.  Determined  by  the  N.  Y.  State  Sur- 
vey.   See  Reports  for  1883. 

Ellipsograph,  Arbter\'i.  Description  and  theoretical  discussion  in  Wochenschrift  d. 
Oesterr.  lag.-  nnd  Arch  -Vereins,  1886,  pp.  168-170. 

Embankments  on  Slopes.  The  lesson  to  be  learned  from  the  VVest  Deerfleld  accident. 
An  embankment  having  stood  22  years,  gives  way  suddenly  under  a  passenger  train. 
Editorial  in  R.  R.  Gazette,  April  16,  1886.    With  illustrations. 

,  The  Vyrnwy.    Report  of  the  experts,  Gen.  Clark  and  Russel  Aitken,  appointed  by 

the  city  to  examine  whether  or  not  the  construction  or  the  masonry  embankment 
has  been  carried  out  in  a  substantial  and  workmanlike  manner.  Also,  report  of  Mr. 
A.  H.  Holmes,  a  councilman.    Eng.  News,  June  19,  1886. 

Emery  Wheels,  Solid,  The  Manufacture  and  Use  of.  By  P.  Dunkin  Paret.  Illus. 
trated.    So.  Amer.  Suppl.,  April  24,  1886. 

Engineer,  Some  Often-neglected  Duties  of  the.  By  Francis  Collingwood,  before  the 
Rensselaer  Polytechnic  Institute.  A  most  excellent  review  of  many  important 
matters,  VanNos.JSng.Mag.,Aug.,l(>8}.  Eng.  News,  June  19,  ISSQ.  San.Engr. 
June  24,  1886. 

Engineering  Ethics.  President's>ddress  before  the  last,  of  Min.  Eogrs.  at  Pittsburgh, 
Feb.,  1886.  By  J.  C.  Bayles.  A  forcible  preseotation  of  many  of  the  temptations 
and  moral  pitfalls  in  the  way  of  engineers,  arising  from  their  professional  practice, 
and  of  the  honorable  course  to  pursue.  Valuable  for  young  engineers.  Sc.  Am. 
Suppl.,  Feb.  27,  1886. 

Natei.  B/  Wn.  Ciii.  G.v^i  note?  oa  dacompDsition  of  remltanton  a  cros3  sec- 
tion, strength  of  long  posts  and  safe  strains  for  different  member  of  a  bridge.  Van 
Nos.  Eng.  Mag.,  Vol.  XVII,,  p.  459. 

Progress  in  1885.    An  exjellent  review  m  Tlie  Engineer,  Jan.  1,  1886. 

Progress,  One  Year  of.    By  Henry  Flad.    The  annual  address  before  the  Denver 

meeting  of  thj  American  Society  of  Civil  Engineers.    Eng.  News,  July  17,  1886. 

Engineer  School  of  Application  at  Willets  Point,  N.  Y.  Its  present  organization  and. 
work  done  by  West  Point  Cadets  graduating  into  the  engineer  corps  of  the  army. 
An.  Rep.  Chief  of  Engrs.  U.  S.  A.,  1885,  pp.  427. 

Engineers,  Tlie  Royal,  of  England.  Difficulties  experienced  in  filling  the  corps.  The 
Engineer,  Dec.  11,  1885. 

aiid  Wage-Earners.  The  responsible  position  of  Engineers  in  the  delicate  rela- 
tions of  employers  and  employed,  which  is  coming  to  have  such  ominous  import  in 
all  civilized  countries.  Clearlv  and  forcibly  presented  by  J.  C.  Bayles,  Tra)is.  Am- 
Inst.  Min.  Engrs.,  Halifax  meeting,  1885. 

"Engine,  Economy  Trial  of  an  A^itomitic.  By  J.  W.  Hill.  Details  of  the  testing  of  a 
Harris-Co. -liss  engine  as  a  condensing  and  non-eondeusing  engine,  at  [an  Indianapolis 
flouring-mill.     Van  Nos.  Eng.  Mag.,  Vol.  XVII.,  p.  554. 

Propelled  by  the  Bisulphide  of  Carbon.    The  fallacy  of  claiming  any  advantage 

for  this  fluid  over  steam  shown  by  W.  P.  Trowbridge.  An  entirely  superfluous  argu- 
ment, however,  to  one  acquainted  with  the  fundamental  principles  of  efficiency  in 
heat  engines.    Sch.of  Mines  Quar.,  April,  1886. 

,  Comvonnd.    A  paper  by  S.  W.  Robinson  treating  of  the  two-cylinder  compound 

engine  in  which  the  strokes  are  simultaneou?,  or  co-initial  and  co-terminal  with 
receiver,  cushion,  clearance,  etc.    Van  Nos.  Eng.  Mag.,  Vol.  XXIX.,  pp.  329 and  353. 

,  Compound.    On  the  Cutoff   in  the  Large  Cylinder.    By  Prof.  R.  H.  Smitn.    A 

theoretical  discussion  of  considerable  value.  Graphical  solutions  given.  The  Engi- 
netr,  Nov.  27, 1885. 

■  Compound  Marine,  for  Service  on  the  Oreat  Lakes.     By  Walter  Miller.     A  review 

of  thdir  introduction  and  advantages  on  lake  boats.  Jour.  Assoc.  Eng.  Soc,  Vol.  V., 
p.  1. 

,  Compound,  or  U.  S.  Twin  Screw  Propeller,  Chicago.    See  Screw  Propellers. 
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£ng'ine,  Compound  Pumpiny.  The  Thermodynam  im  of  Cwtuin  Forms  of  the  Worthing 
ton  anil  other  Types.  A  discussion  of  such  compound  CDKineg  as  effect  the  principal 
part  of  the  expansion  of  tlie  steam  in  the  act  of  exhau'-tine  from  the  hiKh-pres^ure 
cylinder  into  a  receiver,  from  which  receiver  the  low-pressure  cj-liuder  is  supplied 
with  steam.    By  I'rof.  S.  W.  Robinson.      Trans.  Am.  Sue.  ^fech.  Enyr.i.,  Vol.  111.,  p. 

i;?o. 

,  Theory  of  the  Gas.  By  Dugald  Clerk,  before  the  Inst,  of  Civ.  Engra.,  with  dis- 
cussion. Gives  the  results  of  the  author's  experiments.  A  good  paper.  Van  yos. 
Enij.  Mail.,  Vol.  XXVII.,  pp.  3r4  and  441  ;  also  Van  Nos.  Science  Series  No.  0^. 

,  Otto  Gas.  A  full  report  of  tests  made  at  the  Stevens  Institute  on  a  10  horse- 
power gas  engine.  It  also  gives  the  relative  economy  of  the  gas,  steam  and  hot-air 
engines.     Van  Nos.  Kmj.  Mag.,  February,  1884. 

,   Hiiih-Pressure   Compound  Pumping.     Description  and    detailed    drawings    of 

engines  for  Millwall  Dock  Co.  Specification  called  for  engine  capable  of  pumping 
30,000  gallons  per  h  ur  at  a  pressure  of  750  lbs.  per  square  inch.  Engineering,  May 
14,  1S86. 

,  H/;//i  Spet'rf,  Obscure  Influences  of  Reciprocation.    Ry  Arthur  Rigg.    A  paper 

before  the  Soc.  of  Engrs.,  London.  Illustrated  by  28  cuts,  ^ustneer/n;/,  April  JO, 
1886. 

,  High  Speed.    A  discussion  of  interesting  features  of  rotary  and  reciprocating 

high-speed  engines,  and  the  proper  u'ilization  of  the  inertia  of  the  reciprocating 
parts.  By  John  Imray,  in  Trans.  Inst.  Civ.  Engrs  ,  Vol.  LXXXIII.,  p.  106.  See  also 
Dynamo-Electric  Machines. 

,  Horizontal.    Gives  description,  with  large  detailed  drawings,   of  a  horizontal 

engine,  the  special  feature  of  which  is  the  valves.    Engineering,  June  11,  1886. 

,  L-^comotive,  Balancing  of.  By  C.  A.  Smith.  Treats  the  subject  both  theoretic- 
ally and  practically.     Van  Nos.  Eiig.  Mag.,  Vol.  XX7II.,  p.  9. 

,  Locomotive,  Compound  Express,  used  in  Germany.    Described  and  Illustrated  in 

Engineering,  April  30,  1886. 

,  Petroleum.    A  descripion  of  the  action  of  Spiel's  engine,  which  works  very  much 

like  the  gas  engine.  Fully  illustrated.  Engineering ;  also  Sc.  Ant.  Suppl.,  Apr\\  3, 
1886. 

,  Quadruple  Expansion  Disconnective  of  the  steam  yacht  "  Rionnag-na-mara."  A 

very  interesting  solution  of  a  spjcial  problem.  Two  full-page  plates  and  indicator 
diagrams,  and  overapige  of  description.    Engineering,  April  £.  1888. 

,  Triple  Expansion  of  the  S.  S.  Coot.     Full  plate,  general  and  detail  drawings. 

The  Engineer,  April  16,  1886. 

,  Triple  and  QnadruplH  E-tpansion  Murine.     Abstract  of  paper  before  the  Inst,  of 

Eogrs.  and  Shipbuilders  in  Scotland.  Gives  performance  of  quadruple  expansion 
engine  with  only  two  piston  valves.    Illustrated.    Engineering,  April  2,  1886. 

,  Rotary.    Their  theory,  advantages,  disadvantages,  construction,  use,  types,  etc. 

Given  in  a  series  of  articles  in  The  Engineer,  Oct.  16,  1885,  et  seq. 

,  Inclined  Shaft  Rotary.  A  valuable  description  of  many  types  of  this  very  in- 
teresting and  ingenious  class  of  motors.    Illustrated.    Tlie  Engineer,  Dec.  18,  1885. 

,  Rotary,  with  movable  partitions.    A  description  of  several  such  types.     The 

Engineer,  Dec,  '.^5,  1885. 

,  Water  vs.  Air.    By  L.  Trasenster.    A  mathematical  tieatm^nt  of  air  and  water 

engines.  Concludes  that  compressed  air  possesses  advantages  in  certain  places;  for 
ordinary  service  high  pressure  water  engines  are  preferable  on  scare  of  efficiency 
and  economy.     Van  yos.  Eng   Mag.,  Vol.  XIX.,  p.  429. 

,  Vapor,  Efficiency  of  Fluid  in.  By  H.  L.  Gintt  and  D.  H.  Maury,  Jr.  Experi- 
ments made  with  water,  alcohol,  ether,  bisulphide  of  carbon  and  chloroform  to  find 
the  best  working  fluid.     Van  yos.  Eng.  Mag.,  November,  1884. 

Engine  Tests,  at  the  Philadelphia  Eleetrical  Exhibition.  Comparative  tests  of  the 
Porter-Allen.  Buckeye  and  Southwark  engines.     Jour.  Frank.  Inst.,  February,  1886. 
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Evaporation  and  Percolation.    By  Chas.  Greaves.    Discusses  the  maxima  and  minima 

of  rainfall,  rain  percolation  through  ordinary  ground  ajidsandand  water  evaporated 

from  a  water  surEcce.     Van  Nos.  Eng.  Mao-,  Vol.  XVI.,  p.  49. 
From  Water  Surfaces.    Abstract  of  a  paper  before  the  Am.  Soc.  Civ.  Engrs.,  by 

Desmond  Fitzgerald.    Gives  the  results  of  some  very  careful  experiments  at  Boston 

with  a  new  formula.    Engr.  News,  April  10,  1886. 
Examination  Q,uestions  for  the  position  of  Assistant  Engineer  on  the  Municipal 

Works,  New  York  City.    One  hundred  and  seven  questions  given.    Engr.   News, 

Aug.  7,  1886. 

Excavation  and  Embankment  by  Water  Power.     By  E.  B.  Dorsey.     Gives  details 

of  cost  and  construction  of  earthen  dams  by  the  use  of  water  jets  and  flumes. 

Trans.  Am,  Soc.  of  C.  E.,  May,  1886;  also  Sci.  Am.  Suppl.,  July  17. 
Excavator,  Dunbar  and  Ruston's  Steam.    Capacity  one  thousand  cubic  yards  per  day 

of  ten  hours.    Illustrated.    R.  R.  Gazette,  Nov.  13,  1885. 
Explosive  Crelatine.    Gives  descriptive  properties  and  composi'ion  of  this  exploiive. 

Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  160. 
Explosives.    By  M.  P.  E.  Berthelot.    A  series  of  lectures  delivered  before  the  CoUfge 

de  France,  Paris.     Van  Nos.  Eng.  Mag.,  Vol.  XXLX.,  p.  100  ;    also  No.  70  Van  Nos. 

Science  Series. 

.      The  Mechanical   Work   of.       By  F.   von  Rziba.     Compilation,  for  different 

■explosives,  of  theoretical  and  effective  work.  Zeitschrift  d.  Oesterr.  Ing  -und  Arch. 
Vereins,  1886,  pp.  19-22. 

Explosive  iV/t'xhtres,  Gaseous  Proper! ies  of,  giving  pressures  developed  by  forty  two 

different  conapounds.    From  the  French.    The  Engineer,  Oct.  2,  1885. 
.Submarine.    How  their  efficiency  is  tested  by   the  government.    Illustrated. 

Engr.  News,  Oct.  31. 1885. 
.  Apparatus  for  testing  force  of,  by  forcing  a  lead  cylinder  into  a  conical  opening. 

A  German  invention.    Described  and  Illustrated  in  Sc-.   Am.   Suppl.,  Nov.   7,   1885. 

Engr.  Neios,  April  10.  1886. 
,  Transportation  of  High.    Considers  the  nature  and  character  of  the  explosives. 

giving  rules  for  handlingand  then  treats  of  legislation  on  the  subject.      Van  Aas. 

Engr.  Mag.,  Vol.  XVII..  p.  300. 
Falls  of  St.  Anthony,  in  the   Mississippi  River,  Preservation  of.     By  Col.  F.  U. 

Farquhar.    An  account  of  the  means  used  to  prevent  the  undermining  of  the  rock 

b«d  and  the  retrogression  of  the  falls.    Illustrated.    Trans.   Am.  Soc.   Civ.   Engrs., 

Vol.  XII.  (1883),  p.  393. 

Water  Power.    By  Jos.  P.  Frizelle.     The  present  difficulties  in  the  way  of  its 

complete  development  and  preservation,  and  suggestions  for  making  effective  one 
of  the  greatest  water  powers  on  the  continent.  Trar^.  Am.  Soc.  Civ.  Engrs.,  Vol. 
XII.  (1883),  p.  412. 

Filter  Beds.  Short  description  of  a  new  filter  at  the  water-works  in  Brieg.  The  two 
filters  have  an  area  of  110  square  metres  each,  but  the  large  velocity  of  filtration 
(20  inches  per  hour)  rendered  their  action  unsatisfactory.  The  new  apparatus  was 
designed  to  increase  cheir  efficiency,  and  is  said  to  have  succeeded .  Centralblatt  der 
Bauverwaltung,  1886,  p.  42. 

"EiitraXion.  of  Public  Water  Supply.  Account  of  extensive  experiments  by  the  East 
London  Water  Company  with  the  Atkins  Filter.    Illustrated.    Iron,  Nov.  6,  1885. 

,  Rate  of  through  Sand,  in  terms  of  the  head  and  the  average  size  of  the  grains  of 

sand.     A  formula  from  the  German.     Engr.  News,  Oct.  24,  188.5. 

Fire-Brick  as  manufactured  at  Mt.  Savage,  Md.  A  paper  before  the  Am.  lust.  Min. 
Engrs.,  at  Pittsburgh  meeting,  Feb.,  1886,  by  Robert  Anderson  Cook.  This  is  prob- 
ably the  best-known  manufactory  of  fire-brick  in  America.  Engr.  News,  April  10, 
1886;  also  Engr.  and  Min.  Jour.,  March  13,  1886. 

Fire-Damp  in  Coal  Mines.  Apparatus  for  indicating  at  the  surface  the  exact  amount 
of  it  in  any  part  of  the  mine  without  having  to  visit  the  region  personally.  A  very 
ingenious  and  apparently  practicable  invention.  Fully  illustrate'l.  Sc.  Am.  Suppl., 
Feb.  13,  1886.    Caused  by  fallin?  barometer.    See  Coal  Mine  Explosious. 
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Pire.  Effect  of  fire  and  sudden  cooling  on  columns  of  cast  iron,  wrouRlU  iron,  and 
stone  An  atistract  of  the  experiments  of  I'rofessor  Bauschincer  on  this  subject  (as 
detailed  In  the  J:.'tti  Heft  of  his  "  Mittheilungen  ")  is  given  in  the  i>eu(«c/ie  fiiiii- 
zeituiKj.  188.'),  pp.  ;{43-34ti. 

Extinction.  Apparatus  for  the  automatic  extinction  of  fires.  A  lecturu  IjefDre  the 

Soc.  of  Arts,  London,  by  Prof.  S.  1'.  Ilioinpson.  Discusses  automatic  pprlnlflers, 
automatic  alarms,  automatic  (Ire  doors,  and  miscellaneous  appliances.  Illu.-.trated. 
A  valuable  paper.    Jimr.  Soc.  of  Arts,  Nov.  l'7,  188r>. 

Hydrant.    The  (Jreafhead  Injector  Hydrant  for  Fire  Extinction.    Two  systems  of 

pi|>es,  one  for  service,  the  other  small,  with  water  at  very  liiRh  pressure,  given  to  it 
by  hydraulic  accumulator.  A  connection  establislied  beiween  these  two  systems  at 
a  hydrant  working?  on  the  principle  of  the  steam  injector  draws  most  of  the  water 
from  the  large  service  pipes  with  a  very  much  higher  pressure.  Cut  given.  Engr. 
Ncw.i,  Feb.  'iO.  1880. 

Protection  of  Millf.    By  C.  J.  H.  Woodbury.    A  very  complete  paperof  35  pages, 

with  naany  cues,  giving  the  appliances  used  and  organization  of  the  fire-brigade  as 
in  vogue  In  the  New  England  mills.    Trans.  Am.  .S'<"'.  Mech.  Enor.s.,  Vol.  II.,  p.  301. 

■  See  Water  Supply. 

■Pire- Proof  Construction.     A  series  of  articles  of  value,  hy  F.  Collingwood,  M.  A.  S. 

C.  E..  and  M.  Ins^t.  C.  E.,  in  San.  Engr.  (New  York),  Feb.  11,  et  seq. 
.    By  Theo.  Rosenberg.    Some  practical  suggestions  of  value.    Jour.  Assoc.  Ewj. 

Soc.    Vol.  v.,  p.  1-,»1. 

Fish-Plates.  Their  Defects  An  illustrated  editorial  of  four  columns,  showing  that 
fish-plates  fail  more  from  the  bending  moment  on  them  than  from  shear,  and  sug- 
gesting that  a  form  be  used  to  resist  shear  only.    R.  R.  Gazette,  Sept.  3,  1886. 

Flood  Rook  Removal.  A  carefully  written  account  of  the  entire  work,  by  Lt.  Geo. 
M.  Derby,  who  has  been  officially  connected  with  the  work.  An  historical  and 
descriptive  account  of  permanent  value.    Illustrated.    San.  Eng.,  Dec.  3,  1885. 

Floods  in  Stony  Brook,  Prevention  of.  A  report  of  29  pp.  by  a  Commission,  consist- 
ing of  .las.  B.  Francis,  EUot  C.  Clarke  and  Clemens  Herschel,  to  the  Mayor  of  Bos- 
ton, accompanied  by  a  map  and  six  plates.  The  report  is  of  value  to  engineers 
generally,  as  bear  ng  on  the  question  of  the  maximum  instantaneous  discharge 
from  a  given  valley.  Persons  designing  sewers,  culverts,  an  J  w^ter-ways  under 
bridges  would  do  well  to  consult  it.     Boston  City  Document  159,  1886. 

Floors  in  Mills.  By  C.  J.  H.  Woodbury  Loads,  formulas  for  de-igning,  and  prac- 
tical details  of  construction.  Illustrated.  Trans.  Arii.  Soc.  Mech.  Engrs.,  Vol.  II., 
p.  468. 

Flour-Mill  Analysis.  A  full  account  of  some  flour-mill  tests  to  determine  the 
power  used,  and  where  it  was  spent.  Apparently  a  profitable  kind  of  investivation 
for  any  mill.    Am   Engr.,  Dec.  3,  1885. 

Flow  of  Air  and  other  Oases.  Experiments  ani  formulae  esp  cially  adapted  to  blast- 
furnaces. By  F.  VV.  Gordon.  Trans.  Am.  Inst.  yfin.  Eagrs.,  Chattanooga  Meeting, 
1885. 

Flow  in  Open  and  Closed  Channels  and  Pipes,  Calculation  of.  By  Alb'^rt  Frank. 
Discussion  of  cross  sections  of  various  shapes,  with  tables  givine  best  proportions; 
comparison  of  different  formulas  for  flow,  and  graphical  sheets,  constructed 
logarithmically,  for  use  in  computations  for  all  ilie  principal  formulas.  Journal 
fiir  Gnxheleuchtung  und  U'asserversorgung,  188t),  pp.  258-?7-3, '.29J-305,  3'2'.i-3'i4. 

Flow  of  Water  (in  Conduits).  Formula  given  for  the  flow  of  water  in  the  new  Sud- 
bury River  conduit,  Boston,  The  most  reliable  formula  known  for  a  comluit  about 
ten  feet  in  width,  and  an  hydraulic  mean  radius  of  about  1.6  feet.  Tran^i.  Am.  Soc. 
Civ.  Engrs.,  Vol.  XII.  (1883),  p    114. 

In  Open  Channels.     Why  the  maximum  velocity  is  below  the  surface.     By  F.  P. 

Steams.  He  holds  that  it  Is  caused  by  the  upward  flow  from  the  sides  and  tne  sur- 
face flow  toward  the  centre  of  the  stream.  Trans.  Am.  .Soc.  Civ.  Engrs.,  Vol.  XII., 
p.  331. 
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Flow  of  "Water  m  Pipes.  Identity  of  Prof.  Reynolds'  formula  with  Higen's  em- 
pirical data,  shown  by  Prof.  W.  C.  Unwin.    The  Engineer,  Jan.  1, 1886. 

through  one-inch  Lead  Pipe,  3,4:00  feet  long.    Resjlts  of  experiments.    Abst. 

Inst.  Civ.  Engrs.,  Vol.  LXXXIII..  p.  465. 

Through  Pipes.    By  Hamilton  Smith,  Jr.    The  results  of  88  experiments,  '1  of 

which  were  made  by  the  author.  Sizes  from  4  feet  to  J4  inch,  and  velocities  from 
20  feet  to  2  inches  per  second.  Fifteen  experiments  with  pipes  about  1  ft.  in  diam. 
and  700  ft.  long;  19  on  pipes  from  1  to  4  ft.  in  diana.  and  from  1,000  to  50,000  ft. 
long.  The  balance  in  small  pipes.  Results  plotted  and  curves  drawn.  Probably 
the  most  reliable  data  available.  Trans.  Am.  Sac.  Civ.  Engrs.,Yo\.  XII.  (1883),  p. 
119. 

Through  an  Orifice  Furnished  with  a  Short  Pipe.  By  J.  P.  Frizell.  A  theo- 
retical study  of  the  causes  of  the  increased  flow  due  to  the  pipe,  and  a  mathematical 
development  of  the  value  of  the  co-efflcient,  which  agrees  very  closely  with  the  ex- 
perimental values.    Jour.  Frank.  Inst,  October, '[SSQ. 

Under  Ground.  Results  of  gaugings  on  Colorado  streaias,  showing  a  consider- 
able flow  from  ground  sources  into  the  streams.    San  Eng.,  Sept.  30,  1886. 

Over  Weirs.    An  account  of  some  experiments  made  in  counection  with  the  new 

Boston  Water  Supply.  The  most  valuable  results  yet  obtained,  considered  as  sup- 
plementary to  Francis'  Experiments,  on  the  effects  of  form  and  width  of  crest, 
conditions  of  approach,  end  contractions,  and  heii;hth  of  water  on  down  stream  side 
when  submerged.  Fully  illustrated;  tables  and  pi  jtted  result  given.  By  A.  Fteley 
and  E.  P.  Stearns.     Travis.  Am.  Soc.  Civ.  Engrs.,  Vol.  XII  (1883),  p.  1. 

See  Hydraulics. 

Flues,  Experimental  Investigations  of  the  resistance  of,  to  collapse.  By  C.  R.  Roeker. 
Details  the  experiments  made  of  flues  and  discusses  th^  fcrmu'fe  derived  from  the 
experiments  by  various  writers.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  208. 

Forced  Draught  for  Stationary  Boilers,  A  plea  for  \U  greater  use.  By  Chas.  W. 
Baker.    A  theoretical  view  of  the  matter.    Eng.  News,  Jan.  2,  1886. 

.    A  paper  before  the  N.  E.  Coast  Inst.,  of  Scotland,  by  James  Patterson  and  Mag^ 

nus  Sandison.  An  important  paper,  going  to  show  the  advantages  Of  forced 
draught.    Experiments  given.    Engineering,  M.arch  12  and  W,1S^G. 

Forg'ing'  Press  of  4,000  tons  capacity.  A  description,  with  many  cuts,  of  this  hy- 
draulic press  now  building  at  Sheffield,  Eng.     Engineering,  April  23,  1886, 

Forth  Bridg'e.     Methods  proposed  for  erection  of  main  steel  piers  and  approach 

viaduct?.    Illu^strated.     The  Engineer,  Oct.  9  and  16,  1885. 
.    The  work  of  raising  one  of  the  caissons  which  accidentally  sank  out  of  position. 

Described  and  illustrated.    Engineering,  Oct.  30,  1885. 
See  Foundations. 

Foundations.  By  W.  C.  Stre- 1.  Treats  of  foundations  in  peat,  sand  and  clay  soils. 
Van  Nos.  Eng.  Mag.,  Vol.  XXVI.,  p.  337. 

of  the  New  Capitol  at  Albany.  By  W.  J.  McA'pine.  A  description  of  the  require- 
ment for  the  foundation,  and  details  of  the  experiments  made  to  ascertain  the  sus- 
taining power  of  the  blue  clay  upon  which  it  is  built.  Yan  Nos.  Eng.  Mag. ,  Sept., 
1884. 

of  a  Heavy  Fire-proof  Building  on   Compressible  Soil.      An  account   of  the 

methods  and  results  used  for  such  a  building  in  Chicago,  by  W.  L.  B.  Jenney. 
Sanitary  Engr.,  Dec.  10,  1885.    San  News  (Chicago),  Jan.  2,  1886. 

of  the  Cooper  Institute     Why  they  failed  and  how  the  faults  have  been  remedied. 

An  excellent  example  of  very  common  faults  in  buildings.  Fully  described  and  illus- 
trated by  14  cuts  in  Sanitary  Engineer,  New  York,  Nov.  5,  1885. 

of  Light-House  in  Delaware  Bay.    Pneumatic  process  used  for  sinking  a  cast  iron 

cylinder,  made  in  sections  and  bolted  together.    Illustrated.    Engr.  News,  Oct.   31^ 
1885. 
See  Pile. 


J 
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Foundations  of  the  Forth  Britlyf.  The  Great  Caissons;  Their  structure,  building 
and  fiiUiuling.  By  H.  S.  Biggart,  before  the  Inst,  of  Eiigrs.  and  Sliipbiiildir;-,  Scot- 
land.    EiKjineering,  Nov.  '27,  1885,  et  seq. 

of  Udtckesbiuy  Filler  Briclye.     Detailed   drawing  of  the  plan  proposed  by  the 

Union  Bridge  Co.     R.  R   Uaz.,  June  18.  1860. 

,  Oil  the  Fiictional  Resistances  of  Pnetimatic.     By  A.  Schmoll.    The  details  given 

relate  to  cast-iron  cylinders,  gives  tables  of  co-efficients  of  friction  derived  from  ex- 
periments.    I'cni  jN'os.   En(j.  J/(((/.,  Vol.  XX.,  p.  IVJI. 

.  Pntumatic.    By  A.  Heinercheidt.    Description  of  an   incproved  closing  port  for 

discharge  in  lock.     Van  yos.  Eng.  May.,  Vol.  XXII.,  p.  151. 

of  the  neio  Tay  Bridge.    Description  and  cuts  showing  the   work   in  progress, 

from  the  French,  in  Sc.  Amer.,  Jan.  9,  1880. 

of  the  Schuylkill  B.  dt  O  Bridge  at  Philadelphia.      Description  of  caisson,  crib, 

and  cofferdam  used  on  the  pivot  pier.  Sooysmiih  &  Co.,  contractors;  Win.  M. 
Paton,  Engr.  in  charge.  Well  illustrated.  Enyr.  Sews,  March  27,  1886.  Also  by  A. 
Brooks  Cuthbert.  A  series  of  articles  in  Engr.  Era,  Dec.  31.  1885  etseq.  Illustrated. 
,  Sand  a.i  a.  An  article  compiled  by  W.  W.  Curtis,  C.  E.,  giving  the  results  of 
French  experiments  on  the  action  of  sand;  the  laws  of  its  distribution  of  pressure 
whei.  inclosed;  its  reliability  when  inclosed,  etc.  Illustrated.  Enyr.  Sews,  May  I'l 
and  29. 

,  Snb-Aqneous.    A  new  system  of  sheathing  of  iron,  like  sheet-piling,  which  may 

be  removed  after  the  masonry  is  above  the  water-line  From  Abstracts  Inst.  Civ. 
Engrs.  in  Van  Nos.  Eng.  May.,  Miy,  1880;  also  Am.  E  lyr.,  April  29,  1880. 

of  ike  Xeic  Tay  Bridge.    Illustrated   and  described  by  C.  Barlow,  before  the 

British  Assoc.    R.  R.  Gazette,  Dec.  4, 1885. 

Frames,  The  theory  of.    By  Prof.  Mohr.    Der  Civilingenieiir,  1885,  Heft  5. 

Frictional  B.esista.nce  of  Engine  and  Shafting.     Two  papers  before  the  Am.  Sec. 

Mech.  Eugrs.  by  J.  T.  Henthorne  and  Samuel  Webber.     The  latter  shows  that    the 

belts  shou  da!l  be  thrown  from  the  loose  pulleys  when  making  the  test.    Trans.  Am. 

Soc.  ,Vfc/i.  £ii(/r.9.  Vol.  VI  ,  p.  401,  and  Vol.  VII.     The   latter  also  in  Am.  Engr., 

Dec.  3.  1885. 
of  Railroad  Trains  in  Winter  and  Summer.      A  new  theory  by  the  editor  of  the 

R.  R.  Gazette,  based  on  experiments  by  C.  J.  H.  Woodbury,  and  other  known  facta, 

that  It  is  due  to  the  cooling  of  the  axles  in  wiuter.    B.  R.  Gazette,  April  9,  1886. 
of  Railroad  Trains.     Results  of  experiments  by  C.  H.  Hudson  for  obtaining 

the  resistance  in  pDunds  per  ton  on  level  track.     Jour.  Assoc.  Eng.  Soc.  Vol.  V., 

p.  -i-t. 

Friction,  Investigation  of  One  of  the  Liw-i  of  By  A.  S.  Kimball.  Details  experi- 
ments on  sliding  friction  and  friction  of  belts  and  journals.  Van  Nos.  Eng.  Mag., 
'  Vol.  XVII.,  p.  86. 

of  Rotation,  Theory  of  the  sliding.    By  R.  H.  Thurston.     Van  Nos.  Eng.  Mag.,, 

Dec.  1884 

Frog:s  and  Switches.  By  Geo.  T.  Sampson.  An  illustrated  article  which  will  be 
found  helpful  to  inexperienced  engineers  charged  with  laying  out  yards  or  with  the 
selection  of  fro.  s  for  a  line  of  road.    Jour.  Asso.  Engr.  Soc,  Vol.,  V.,  p.  194. 

Fuel  Consumed  in  Locomotive  Engines,  and  correspondin:?  work  done  on  four  Ameri- 
can railroads,  worked  out  under  various  heads  and  tabulated.  The  roads  are  the 
Michigan  Central,  Canada  Southern,  Hannibal  &  St.  Joseph,  and  Lake  Shore.  By 
G.  C.  Cunningham.     Tron-s-.  In.ft.  Civ.  Engr.,  Vol.  LXXXUI.,  p.  3^1. 

By  M.  G.  Marie,  before  the  Inst,  of  Civil  Engrs.  Gives  particulars  of  three-days' 
trials  with  locomotives;  during  which  consumption  2.88  lbs.  coal  per  indicated 
horse-power  was  ob'ained.     Vin  Nos.  Eng.  Mag.,  Dec,  1884. 

Fuel.  The  Economy  of .  By  h.  Lhcest.  Details  of  experiments  made  at  Mae«tricht 
on  a  boiler  and  110  horse-power  engine.  Describes  heating  apparatus  and  engine, 
and  examines  results.     Van  Nos.  Eng.  Mag.,  Vol.  XV.,  p.  128. 
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Fuel  Gas  and  the  Strong  Water-Gas  System.  By  Henry  Wurtz.  A  paper  before  the 
Am.  Inst,  of  MiD.  Engrs.,  giving:  analysis  r>f  and  cost  of  production  of  the  Strong 
fuel-gras.     Van  Nos.  Eng.  Mag.,  Vol.  XXIII.,  p.  376. 

,  Liquid.  An  illustrated  article  on  the  burning  of  liquid  fuel,  showing  arrange- 
ment of  furnaces,  etc.    Illustrated.    Engineering,  June  11,  188(i. 

,    TJie  Manufacture  of  Pressed.    By  E.  F.   Loiseau.     Describes  the  process  of 

manufacturing  fuel  from  coaldust.     Van  Nos.  Eng.  Mag.,  Vol.  XXf  V.,  p.  41. 

.    Relative  Cost  of  Fluid  and  Solid  at  New  York,   Chicago,   New  Orleans,  San 

Francisco,  London,  Port  Natal,  Sydney,  and  Valparaiso.  Fuels  discussed  are 
Anthracite  and  Bituminous  C  al,  Petri  ileum.  Coal  Gas,  Generator  Oas,  and  Water- 
Gas.  By  James  Beatty,  Jr.  Proc.  Engrs.  Club  of  Phila.,  Vol.  V.,  p.  120,  and  Am. 
Engr.,  Oct.  29,  1885. 

and  Smoke.     Two  lectures  before  the  Royal  Institution  of  Iiondon,  by  Prof. 


Oliver  Lodge.  First  lecture  in  Engineering,  May  28,  1886. 
Garbage,  Cremation  of.  By  John  Zellwuger.  Gives  drawings  of  a  battery  of  two 
furnaces,  each  of  seven  tons  capacity,  in  24  hours.  Estimated  cost  of  combustion 
from  21  to  36  cents  per  ton.  Jour.  Assoc.  Eng.  Soc,  Vol.  V.,  p.  255;  Set.  Am. 
Suppl.,  Ju\y  17,1886. 

Destruction.    A  description  of  Hanneken's  System.     The  solids  from  street'', 

kitchens,  and  closets  are  dried  and  burned,  all  escaping  gases  being  conveyed  into 
the  furnace  and  burned.  From  the  Russian.  Abstr.  Inst.  Civ.  Engrs.,  Vol.  LXXXIII., 
p.  481. 

Destructor  of  Bombay.     A  brief  description,  accompanied  by  plans  and  sections, 

of  a  Bee-Hive  Refuse  Destructor,  for  the  combustion  of  garbage  and  other  refuse, 
which  is  now  in  process  of  construction  for  the  municipality  of  Bombay,  India. 
Sanitary  Engineer,  Dec.  31,  1885. 

Cr&ses,  Kinetic  Ttieory  of.     By  H.   F.  Eddy.     Van   Nos.    Eng.  Mag.,Yo\.  XXVIIL, 

p.  123. 
Gas  Eng'iiieeriug:  and  Modern  Science.    By  Denny  Lane  before  the  London  Gas  Inst. 

Treats  of  the  use  of  gas  for  motive  power,  light  and  heat;  also  gives  a  comparison 

between  electricity  and  gas.    Sci.  Am.  Suppl.,  July  3,  3886. 

Gas  Eng'ines.    Tlie  Atkinson  Engine.    Fully  described  and  illustrated.    The  Engineer, 
Dec.  18,  1885. 

,  Combustion  in  the.     Ey  Prof.  R.  ScbSttler.     Zeitschrift  des   Vereins  deutscher 

Ingenieure,    1886.    pp.  210-214,   234-240.      Also   by    Professor    Slaby.     Id.,    pp. 

S25-329. 
Controversy  in  England.  Suits  for  damages  for  infringement  of  the  Otto  patents. 

An  injunction  sustained  after  a  four  weeks'  trial.      Full  proceedings   in  the  eases. 

The  Engineer,  Nov.  28,  1885,  ef  seq. 
,    On  the  Economical  Use  of,  for  the  P7-oduction  of  Electricity.    An  abstract 

from  a  lectuie  delivered  at  the  Paris  Electrical  Exhibition,  by  W.  E.  Ayrton.     Van 

Nos.  Eng.  Mag.,  Vol.  XXVI.,  p.  294. 

at  the  Paris  Exhibition.    By  M.   Armengiud.    Presents   explanations  of   the 

structure  and  mode  of  working  of  the  different  engines  exhibited.  Van  Nos.  Eng. 
Mag.,Yo\.XX.,  p.  148. 

,    The  Elementary  Principles  of.    By  D.   Lane.     Van    Nos.  Eng.  Mag.,  Nov., 

1885. 
,    Theory  of.     Published  in  1862  by  M.  Bean  de  Roch as.    An  important  document 

pertaining  to  the  legal  contest  of  Otto  vs.  Steel.  Translation  given  in  The  Engineer, 

Dec.  4,  1885. 
Gas.    Flow  of ,  through  Tubes.    By  S.  W.  Robinson.    Gives  the  general  and  practical 

problems.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  370. 
For  Heating  and  Motive  Power.    By  J.  E.  Dowson.    Treats  of  the  production  of 

water  gas  on  a  small  scale  and  gives  estimates  of  cost  of  manufacture.     Van  Nos. 

Eng.  Mag.,  Vol.  XXVI.,  p.  319. 

Holder.    Description  and  detailed  drawings  of  a  three-light  gas-holder,  having 

a  capacity  of  13,000,000  cubic  feet.    Engineer,  May  28,  1880. 
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Gas  JJu/dcr.  Tanks,  '240  feet  in  diameter,  Birmingham,  Eog.  Plans,  sections  and 
description.      The  Enyineer,  April  0,  1880. 

lUumination.     By   Dr.  W.  Wallace.     A  pood  article.     Vmi  Nos.  Entj.  Miirj  ,Vo\. 

XX. ,  p.  318. 

llluminati'm   luui   its  Kconomy.      By  James    Ches-man.      Shi^wa  the  cost  of 

makint;  k'is  in  various  cities,  and  says  there  is  no  reason  why  gas  should  cost  over 
fl  per  1,000  in  large  cities  where  tne  coal  can  be  had  for  $o  per  ton.  Van  Nos. 
Eng.  Mail. 

,  Loufi-Diatance  Transportation  of  Satural.    Discussion  on  a  paper  read  before 

the  Eng.  See.  of  Wt-st.  Fenn.    Am.  Engr.,  May  U7,  June  10  and  I". 

.^f^a>!urement  of  Gas  Wells  and  other  G  is  Streams.    By  S.  VV.  Robinson.    Gives 

application  of  Pilot's  tube,  a  shunt  Bunsen  effusion  principle  for  density  of  shunted 
gas  and  a  thermometer  in  an  open  tube.     Van  yos.  Eng.  Mag.,  Aug.,  1886. 

,  Natural,  The  Theology  of.  An  attempt  to  explain  the  conditions  under  which  it 

may  be  found.  Results  mostly  negative.  By  Ch.  A.  Ashbumer.  Trans.  Am.  Inst. 
Min.  Engrs.,  Halifax  meeting,  1885.    Sci.  Amer.  Suppl.,  May  29. 

.    A  Study  of  the  Relative  Poisonous  EJJ'ects  of  Coal  and  Wafer  Gas.    By  Pro 

fessors  Wm.  T.  Sedgwick  and  Wm.  Ripley  Nichols,  of  the  Mass.  Inst,  of  Tech.. 
Boston.  A  pamphlet  of  40  pj.,  beina:  perhaps  the  most  valuable,  exhaustive  and 
imbiased  investigation,  by  acknowledged  experts,  ever  made  in  America.  A  con- 
clusive presentation  of  the  case.    Address  the  authors. 

.  "Water.    A  paper  by  C.  v.  Marx,  before  the  Eng.  Soc.  of  Stuttgardt,  treating  of 

the  yield  and  composition  of  water  gas,  of  the  loss  of  heat  in  its  manufacture;  also 
gives  comparisons  of  the  heating  power  of  water  gas,  coal  gas  and  generator  gas . 
Van  Xos.  Eng.  Mag.,  Vol.  XXVIU.,  p.  7. 

Gaseous  Mixtures,  On  the  Explosion  of.  By  Ougald  Clerk,  before  the  Inst.  Civ. 
Engis. :  with  discussion,  occupying  53  pp.  Experiments  made  with  various  propor- 
tions of  two  kinds  of  coal  gas  and  hydrogen,  separately  combined  with  air.  Impor- 
tant conclusions  derived  as  to  resultant  pressures.  Inst.  Civ.  Engrs.,  Vol.  LXXXV., 
p.  1. 

Gasometer.  The  large  gasometer  of  the  Imp.  Continental  Gas  Assoc,  at  Erdberg  (with 
plates).     Zeitschr.  d.  Oesterr.  Ing.-  u.  Arch.-Vereins,  1886,  pp.  23-27. 

Oa-uge,  Change  of ,  on  Mobile  dt  Ohio  R.  R.  Description  of  method  employed,  organ- 
ization of  forces,  etc.    R.  R.  Gaz.,  May  14  and  21,  1886. 

Gearing',  Rapid  Method  of  Laying  Out.    By  S.  W.  Robinson.    Describes  a  method  of 
laying  out  by  means  of  a  curved  ruler  or  templet  odontograph.     Vati  Nos .  Eng . 
Jtfaj/.,  Vol.  XIX.,p.  312. 
■        .    See  Belt  and  Rope. 

Geodesy  Connection  of  the  U.  S.  C.  &  G.  Survey  with  the  Lake  Survey,  in  New  York 
State.    The  checks  given.     U.  S.  C.  c&  G.  Survey  Rep.,  1884,  App.  No.  9. 

Geodetic  Field  Work.  By  Geo.  Y.  Wisner.  A  34-page  article  by  a  practical  observer 
on  the  most  approved  methods  of  determining  longitude,  latitude  and  azimuth  in  the 
field,  also  for  measurement  of  base  lines  and  angles,  and  making  the  reconnaissance. 
Trans.  Am.  Soc.   Civ    Engrs,  Vol.  XII.  (1883>.  p.  267. 

.  A  series  of  articles  by  T.  T.  Wnght  on  the  adjustment  of  condition.  Observa- 
tion by  the  method  least  squarr-s.  with  its  application  to  geodetic  work.  Van  Nos. 
Eng.  Mag.,  Vol.  XX\"III.  pp.  419  and  473. 

Geographic  Postions  west  of  the  lOO'/i  meridian .  The  net  results  of  Capt.  Wheeler's 
surveys  in  this  region  tabulated  in  a  volume  of  260  pp.  Latitude  and  longitude  of 
stations  and  azimuth  and  length  of  lines  joining  them  ttigether  with  elevations 
above  sea  level  variations  of  the  magnetic  needle,  etc.  Issued  by  the  Engineer 
Department  of  the  U.  S.  Army,  1885. 

Geology.  Report  of  the  American  Committee  on  the  work  of  the  International  Con- 
gress of  Geologists.  Gives  the  reports  of  the  Committee  on  the  Uniformity  of  the 
Nomenclature  and  of  others,  with  a  chart  of  the  scale  of  colors  adopted.  Dr. 
Persifor  Fraz?r,  Sec,  Philadelphia,  Pa.,  p.  109. 
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Oirders,  Continuous.    Bv  F.  E.  Kidder.    Gi^es  various  formulae   with  the  derivation, 

for  continuous  girders  of  two  and  three  span?,  load  as  generally  occurs  in  practice. 

Van  yos  Eiig.  Mag.,  Vol.  XXV.,  p.  49. 
.    Two    papers    on     this     well-worn     subject    in    the    Annales    des    Fonts    et 

Chaussees.      Oct.,  1885,  one    by   MM.  Hausser  and  Cunq.  and  the  other  by  M. 

Lagarde. 

,    A  mathematical  discussion  of  continuou?  girders,  with  examples,  by  Mr.  M.  S. 

Hodgins.    Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  553. 

,    Plate-Web.    A  paper  before  the  Liverpool  Engiaeers  Society,  treating  of  the 

weight  and  strains  in  plate-web  girders.     Fa»i  Kos.  Eng.  Mag.,  Vol.  XXVII. ,  p.  49. 
and  Roofs.     Weight  of  Framed.    By  J.   H.   W.   Buck.     Discusses  the   various 

formulee  for  obtaining  the  weight  of  structures.     Van  Nos.  Eng.  Mag.,  Vol.  XXVII., 

V.  511. 

Oold  Mining:.  WorJcing  Placer  Deposits  in  the  United  States,  by  T.  Egleston.  An 
historical  and  descriptive  article  of  30  pp.,  giving  an  account  of  the  various  ways  in 
which  placer  mines  have  been  worked  in  this  country.  Scti.  of  Mines  Quar.,  Jan., 
1886. 

Gold  and  Silver.  The  Parting  Process  used  at  the  U.  S.  Mint  at  Philadelphia.  By 
T.  Egleston.  A  thirty-page  article,  describing  the  processes  in  great  detail.  Sch.  of 
Mines  Quar.,  April,  1886. 

Goniograph,  Double  Reflecting.  A  kind  of  double  sextant  whereby  two  angles  may  be 
simultaneously  measured,  the  images  of  two  objects  being  made  to  coincide  with  a 
third  object  viewed  directly.  Designed  expressly  to  solve  the  Three  Point  Problem 
in  Surveying  and  observations  at  sea.    Illustrated.    The  Engineer,  Feb.  12,  1886. 

Government  Buildingrs,  The  erection  of.  A  review  of  a  pamphlet  entitled  "History^ 
Organization,  and  Functions  of  the  Office  of  Supervising  Architect  of  the  Treasury 
Department."    San.  Engr.,  April  22,  1886. 

Government  Eng'ineering-.  A  Rational  Policy  of  Public  Works.  By  L.  E.  Cooley. 
A  thirteen-page  article  by  the  President  of  the  Civil  Engineers'  Committee  on 
National  Public  Works.  The  growth  of  the  present  system,  its  deficiencies,  the 
necessity  for  reorganization,  with  suggestions  as  to  what  should  be  done  by  Con- 
gressional legislation,  and  the  duties  of  engineers  in  the  premises,  all  given  with  great 
clearness  and  force.  Jour.  Assoc  Engr.  Soc,  Vol.  V.,  p.  69;  also  issued  as  a  separate 
pamphlet  by  Ex.  Brd.  on  Pub.  Works.  Wm.  T.  Blunt,  Secretary,  Cleveland. 
See  Public  Works. 

Governor.  Theory  of  the  Conical  Pendulum  or  stesLta  governor.  Illustrated.  The  En- 
gineer, Dec.  18,  1885. 

Guns.  Tlie  Navy  Six-inch  Breech-loading  Rifled.  A  detailed  description  of  the  method 
of  manufacture.  By  Ensign  T.  S.  Rogers,  U.  S.  N.  This  account  is  interesting,  as 
it  is  doubtless  the  beginning  of  extensive  works  of  this  character  in  America.  The 
castings  and  forgings  made  at  the  Midvale  Steel  Works  at  Nicetown,  Pa.  Illustrated. 
Proc.  U.  f.  Naval  Inst.,  Yo\.  Xll., -p.  77.  See  also  a  letter  by  Wm.  Metcalf  on  Cast 
Steel  Guns,  in  Engr.  and  Mining  Jour.,  May  8,  1886. 

Harbor  of  Anvers.  By  M.  Maurice  Widmer.  Description  of  harbor,  docks  and  cranes, 
with  a  few  commercial  statistics.  Annales  des  Ponts  et  Chausees,  1885,  pp.  1179- 
1200. 

at  Charleston,  S.  C.  By  Gen.  Gillmore.  Gives  project  .for  the  permanent  im- 
provement of  the  entrance  to  the  harbor  by  means  of  low  jetties.  Van  Nos.  Eng. 
Mag.,  Vol.  XIX.,  p.  193. 

Construction,  adapted  to  such  harbors  as  are  found  on  our  northern  lakes.    A 

series  of  illustrated  articles  in  the  Engineering  Era  (Cleveland,  O.),  Oct.  22, 1885. 
et.  seq. 

— .    The  Harbors  of  London.    Description,  with  illustrations.   Deutsche  Bauzeituug, 

1885,  pp.  569-574  and  593-594. 

of  St.  Petersburg  and  the  new  maritime  canal.    By  M.  Petsche.     Annales  des 

Ponts  et  Chaussees,  Oct.,  1885,  pp.  684-693. 
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Harbor  Stmh'es.  By  L.  M  Haupt.  A  consideration  of  the  pliyslcal  pliPnomena  attend- 
iiijj  tlie  foi!nation  of  bars  at  tlie  eutraiice  of  harbors  in  alluvial  formations,  with 
S'unn  proposed  remedies.     I'mc.  Kii'j.  Club,  Phil.,  April,  18Sli. 

Heating.  Flum>-  Contact.  By  Tlios.  Fietcher,  before  tlie  London  Gas  Institute, 
besoribes  a  new  boiler  by  means  of  which  flame  contact  can  be  secured,  and  claims 
an  efficiency  about  four  times  that  ordinarily  obtained.  Engineer,  July  ^,  1880, 
and  Sci.  Am.  Supt.,  July  17, 1880. 

Surfaces  itf  Radiators.    An  investigation   into  the  comparative  value  of  various 

for^is  am:  arrangements  of  such  sui  faces.  A  preliminary  report  to  Am.  Soc.  Mech. 
Engrrs.,  by  Wm.  J.  Baldwin.    San.  Enyr.,  Nov.  20, 1885. 

and  Ventilation  of  the  Imperial  Houses  of  Parlianuntt  at  Berlin.    Prize  essay 

describing  a  method  for  obtaining  tlie  air,  purifying  it,  tempering  it,  moistening  it, 
etc.,  accompanied  by  a  l)asement  plan,  ground  p'an  and  a  section  of  the  building. 
Sanitary  Engineer,  Dec.  31,  1885. 

and  Ventilation  of  the  Orpheum  in  Vienna.  Description,  with  plans  and  sec- 
tions.    TVochenschr.  d  Oesterr.  Ing.-  und  Arch.-Vereins,  1886,  pp.  44-43. 

and  Ventilation  of  Schools,    Short  account  of  the  experiments  of  Prof.  Riet.schel 

on  the  Berlin  schools,  with  results  of  analysis  of  air  and  some  conclusions  regard- 
ing quantity  of  air  supply,  etc.    Deutsche  Bauzeitung,  1880,  p.  1'23. 

Water  by  Flame  Contact.    By  Thomas  Fletcher.    It  is  here  shown  that   it  is  poor 

economy  to  bring  flame  directly  in  contact  with  boilers  or  boiler  flues,  since  the 
temperature  of  these  is  so  low.  Better  to  conduct  the  heat  to  the  water  from  sur- 
faces heated  to  incandescence.    Van,  Xos.  Eng.  Mag.,  Aug.,  1886. 

Also  Am.  Engr.,  Aug.  4, 1880. 

Hell  Gate, //(ipcoremenf  o/.  An  historical  and  teclmical  account  of  the  improve- 
ments, including  Flood  Rock,  by  Gen.  John  Newton,  Chief  Engineer  of  the  work. 
Illu-strated.      Pop.  Sc,  Monthly,  Feb.,  1886. 

Higrhways,  On  the  Construction  and  Maintenance  of.  By  E.  B.  E  lice-Clark.  Gives 
a  good  general  review  of  the  subject.     Van  Nos.  Eng.  Mag.,  Vol.  XV.,  p.  515. 

HoUey,  Alexander  Ltyman.  Memorial  addresses  and  contributions,  covering  40  pp., 
the  principal  tribute  being  by  Jas.  C.  Bayles,  in  Trans.  Am.  Soc.  Mech.  Engrs  ,  Vol. 
UI.,  p.  29.    Also  address  of  40  pp.  by  R.  W.  Raymond,  Vol.  IV.,  p.  35. 

Hospital  Ship  "  Castalia."  A  new  floating  hospital  for  small-pox  patients  on  the 
Thames.    Illustrated.    Engineering.    Sati  Engr.,  April  29,  lo80. 

,  Wards,  Circular.    Abstract  of  the  English  controversey  on  the  subject.    San. 

Engr.,  Nov.  12,  1885. 

House  Drainage,  Double  Check  System  of .  A  paper  read  by  Henry  Masters  before 
the  Conference  of  the  Society  of  Arts  on  Health  Sewage  of  Towns.  Describes  meth- 
ods employed  by  the  author.     Van  Nos.  Eng.  Mag.,  Vol.  XXI.,  p.  471. 

and  Plumbing.  By  Wm.  P.  Gerhard.  A  series  of  articles  in  Building,  com- 
mencing in  May,  1886. 

and  Water  Supply.    By  Robt.  Vowser.    Gives  brief  description   of  the  drainage 


and  water  supply  of  a  large  detached  mansion.     Van  Nos.  Eng.  Mag.,  Vol.  XXII., 

p.  300. 
Hydraulic  vli-c/i(7ecfi(re.    Describes  the  failure  of  a  number  of  docks,  and  shows  the 

want  of  good  formulas  for  constructing  canals,  etc.     Van  Nos.  Eng.  Mag.,  Jan., 

1884. 
Hydraulics.    An  article  by  J.  Schlichling,  treating  of  bottom-velocity  and  velocity- 
scales  of  rivers.     Van  Nos.  Eng.  Mag.,  Vol.  XVII.,  p.  375. 
.    By  V.  Dwelshauvers-Dery.    Treats  of  the  resistance  of  cyl.'nders  and  spheres. 

Gives  formulas  applicable  to  the  calculation  of  hydraulic  presses  for  tubbing  shaft, 

dams,  etc.     Van  Nos.  Eng.  Mag.,  Vol.  XIV.,  p.  152. 
.    Double  Float.    By  H.  L.  Abbot.    A  reply  to  the  criticism  of  S.   W.   Robinson. 

Van  Nos.  Eng.  Mag  ,  Vol.  XIII.,  p.  330. 
.    A  reply  to  the  above  article,   by  S.  W.Robinson.     Van  Nos.  Eng.  Mag.,\'o\. 

XIII.,  p.  561. 
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Hydraulics.  On  an  Unnoticed  Point  in  Darcy's  Experiments  on  Flow  in  Pipes.  By 
Pi  of.  W.  U.  Uawin.  Cttlls  attention  to  the  diflferenes  of  reading  of  the  three  prego- 
metei  on  Darcy's  pipe?,  and  thinks  the  lower  readings  unreliible.  Engineer,  May  7 
1886. 

.    Elements  of  the  Mathematical   Theory  of  Fluid  Motion.    By  Thomas  Craig. 

Gives  mathematical  investigation  of  same  cases  of  motion  of  incompressilde,  fric- 
tionless  fluids.     Van  Nos.  Eng.  Mag.,  Vol.  XX.,  p.  113. 

.    Formulas.    A  comparison  of  various  formulas  and  results  with  Darcy's  formula 

applied.    By  Nath.  Hill.     Van  Nos.  Eng  Mag.,  DcC,  1885. 

.    The  Miner's  Inch.    Some  of  the  various  methods  and  standards  given,  all  going 

to  show  that  the  miner's  inch,  like  the  perch  in  misonry,  is  wholly  a  function  of 
one's  geographical  position.    Engr.  and  Min.  Jour  ,  Feb.  6,  1886. 

.    The  Mississippi  as  a  Silt-Bearer .    By  Robert  C.  McMath.     Van  Nos.  Eng.  Mag. , 

Vol.XX.,p.  yi9. 

.    Thenew  theories  of  the  motion  of  flowing  water.    By  Dr.  G.   Hagen.    Being  a 

criticism  on  Humphreys  and  Abbot's  Physics  and  Hydraulics  of  the  Mississippi. 
Van  Nos.  Eng.  Mag  ,  Vol.  XVIf  ,  p.  443. 

.    Mississippi  River.    By  James  B.  Eads.    A  review  of  the  report  of  Hunaphreys 

and  Abbot  on  the  Mississippi  River.     Van  Nos.  Eng  Mag.,  Vol.  XIX.,  p.  311. 

.    Physics  of  the  Mississippi  River.    A  discussion  of  the  relation  between  velocity, 

suspended  earthy  matter,  and  of  the  bed  of  the  Mississippi  River.  By  II.  L.  Abbot, 
in  reply  to  J.  B.  Eads.     Van  Nos.  Eng.  Mag.,  Vol.  XX.,  p.  1. 

.    A  reply  to  the  above  paper.    By  J.  B.  Eads.     Van  Nos.  Eng.  Mag.,   Vol.  XX., 

p .  1.54. 

.  Passenger  Lift  of  the  Mersey  R.  R    Abstracted  from  paper  by  W.  E.  Rich  before 

Inst,  of  Engrs.     Engineer,  May  14,  1886. 

. Power,  The  fublic  Supply  of.  By  Howard  Constable.  Gives  the  results  of  obser- 
vations on  such  systems  in  London.    Proc.  Engrs.'  Club,  Phila.,  Vol.  V.,  p.  333. 

Propulsion ;  On  a  New  System  of.  By  J  H.  Selwyn.  Gives  description  of  a  system 

invented  by  Mr.  Geo.  Wilson.     Van  Njs.  Enj.  Mag  ,  Vol.  XXVIl  ,  p.  205. 

Ram.    Table  of  efficiencies  for  various  heads  and  elevations  of  discharge.    Am. 

Engr  ,  March  18,  1886.  Designed  to  raise  water  on  a  large  scale,  and  acting  with- 
out shock,  the  valve  being  closed  gradually  by  a  special  motor.  Illustrated.  Engi- 
neering, April  9  1886. 

Experiments  at  Roorkee.     By  Capt.  Allen  Cunningham.    Explains  in  detail  the 

instruments  and  method  of  observations  used  for  measuring  velocity.  Van  Nos. 
Eng.  Mag..  Vol.  XTV.,  p.  543,  and  Vol.  XXV..  p.  209. 

Tables,  based  on  Kutter's  Formula.    By  P.  J.  Flynn.    A  valuable  set  of  tables  to 

facilitate  the  calculation  of  velocities,  discharges,  slopes  and  dimensions  of  sewers, 
conduits,  etc.  Van  Nos.  Eng  Mag.,  Vol.  XXVIII.,  p.  138;  also  Science  Series, 
No.  61. 

Tables  for  Pipes.    Molesworth's  tables,  based  on  Kutter's  formuli,  shown  to  be 

applicable  to  but  one  diameter,  and  value  of  n.  Also  a  modified  form  of  Kutter's 
formulas  given  for  pipes  under  one  foot  in  diamet«r,  which  is  shown  to  be  practically 
correct.  By  P.  J.  Flynn,  in  Trans.  Tech.  Soc.  Pacific  Coast,  Vol.  Ill ,  p.  16.  Also  in 
Van  Nos.  Eng.  Mag.,  April,  18S6. 

Hydrographic  Work  of  the  U.  S.  Navy.  A  lecture  before  the  Frank.  Inst.  By  Lt. 
A.  B.  Wyckofif.  The  general  scope,  character  and  importance  of  this  work  well 
presented.    Jour.  Frank.  Jnst.,  May,  1886. 

Hydrology.  On  the  relations  between  systems  of  river  regulation  and  the  duration 
and  rate  of  discharge  of  high  water.  By  Paul  Klunzinger.  This  is  essentially  an 
attempt  to  solve  the  following  problem  :  A  uniform  rain-fall  of  h  m  per  second  falls 
during  a  given  time  over  a  given  drainage  area,  which  is  supposed  either  entirely 
impervious  or  corr.pletely  saturated  at  the  beginning  of  the  given  time,  so  that  the 
entire  rain-fall  flows  off  at  the  rate  o/  h  m  per  second  ;  to  find  the  duration  and  rate 
of  discharge.  Analytically  treated  and  formulas  developed;  and  affecting  conditions 
disicussed.  In  view  of  the  assumptions  made,  however,  the  fornoulas  woald  seem  of 
little  value.    Zeitschrift  des  Oesterr.  Ing.-  u.  Arch.-Vereins,  1886,  pp.  10-19. 
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Hydro-Dynamometer,  Anew.  ByM.  De  Perrodil.  Describes  a  new  instrument  for 
measuring  the  velocity  at  any  point  of  a  liquid  current.  Van  Nos.  Eiig.  Maij.,  Vol. 
XVII.,  p.  48-'. 

Hydro-Mechanics.  A  series  of  lectures  before  the  List.  Civ.  Enr/rs.,  by  Evans  on 
Physiography;  I'ole  on  Water  Supply;  Unwin  on  Water-Motors;  Hartley  on  Inland 
Navicatioiis  in  Europe;  Stevenson  on  Tides  and  Coast  Works;  and  Reed  on  Forma 
of  Ships,  making  a  volume  of  200  pp.  and  0  plates. 

Ice-Machines,  The  Theonj  of.  By  M.  Ledoux.  Gives  the  theoretical  conditions  of  the 
successful  working  of  three  types— GifTord's  air  machine,  Pietel's  sulphurous  acid 
machine  and  Carro's  ammonia  machine.  Enough  of  the  practical  details  are  Riven 
to  explain  the  rationale  of  the  operation.     Van  Nos.  Eng.  Mag.,  Vol.  XXI.,  p.  89. 

.     The  Binary  Absorption  Syxtem.     The  substance  used  is  ordinary  ether  charged 

to  half  saturation  with  sulphurous  dioxide.  With  this  "  binary  liquid"  an  intense 
cold  is  produced.  The  system  described  and  the  plans  of  a  two-ton  machine  given. 
By  H.  F.  J.  Porter.     Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  II.,  p.  212. 

and  Refrigerating  Machinery.    By  T.  B.  Lightfoot.    A  valuable  paper,  covering 

the  whole  ground  and  showing  the  adaptation  of  various  methods.  Illustrated.  En- 
gineer, May  21,  1886.     Van  No.i.  Eng.  Mag.,  Aug.,  1886. 

Description  of  the  ice  plant  at  St.  Andrew's  Dock,  Hull,   England,  capable  of 


turning  out  25  tons  per  24  hours.    Uses  ammonia  gas  and  brine  of  caberum  salts. 

Illustrated.     Engineering,  May  28, 1886. 
Ice,  Stre)igth  of.    From  German  experiments  determining  its  tensile  and  coinpres.sive 

strength,  and  modulus  of  elasticity  under  various  conditions.    Engr.  News,   Dec.  26, 

188.5.      Proc.  Inat.  Civ.  Engrs.,  Vol.  LXXXII.,  p.  391. 
Incandescent  Lamps.     A  report  by  Messrs.  Morton,  Mayer  and  Thomas  on  the 

measurements  of  an  incandescent  paper-carbon  horseshoe  lamp  constructed  by  T. 

A.  Edison.     Van  Nos.  Eng.  Mag.,  Vol.  XXIII. ,  p.  1. 

,  Report  on,  at  the  Paris  Exposition.      By  the  Experimental  Committee.    Gives 

methods  employed  and  conclusions  arrived  at.    Van  Nos.  Eng.  Mag.,  Vol.  XXVII., 

p.  .'572. 
Inclines.    Proposed  System  for  Mountain  Roads.    By  Ed.  M.  Rogers.    Gives  a  short 

history  of  inclined  planes,  and  proposes  the  use  of  counter-weights,  thus  making  a 

gravity  system.     Van  Nos.  Eng.  Mag.,  Vol.  XXTV.,  p.  56. 


Integxaph.    An  instrument  for  constructing  the  curve,  j/  =    /   /  (X)  -f  c.    Illustrated 

and  described.    A  French  invention.    Sc.  Am.  Suppl., 'Soy.  7,  1885. 
Integrators,  Mechanical.    By  Prof.  H.  S.  H.  Shaw.    A  most  exhaustive  paper,  giving 

theory,  cuts  and  practical  advantages  of  all  existing  varieties  of  integrators  or 

pUnimeters.    Proc.    Inst.   Civ.  Engrs.,  Vol.  LXXXII.,  p.  75;  also  Van  Nos.  Eng. 

Mag.,  Nov.,  1885. 
Instruction.    Report  of  the  Commission  of  the  Society  of  German  Engineers  in  regard 

to  the  preparatory  schools  for  higher  scientific  training.     Discussion  of  the  "Gym- 

nasien  "  and  •'  Realschulen."     Published  with  the  Zeitschr.  d.    Vereins  deutscher 

Ingenieure,  No.  16, 1886. 
Interlocking  Switches  and  Signals.    Tables  and  an  editorial  showing  the  extent  to 

which  they  are   now   used   on  the  railroads  of  the  United  States.    The  Railroad 

Gazette,  Nov.  20,  1885. 
.    A  description  of  the  various  devices   in  use  in  America.    An  article  of  some 

assistance  in  deciding  upon  a  system  for  any  given  case.     Illustrated.     By  E.   A. 

Hill,  Engr.  H.  &  H.  Ry.,  in  Trans.  Conn.  Assoc.  Engrs.  dtSurvs.,  1885;  D.  C.  Sauford, 

Secy.,  New  Haven. 
Irrig'ation.    Apparatus  to  proportionately  divide  among  several  ditches  the  quantity 

flowing  in  a  main  ditch.    Annales  des  Ponts  et  Cliaussees,  August,  1885. 
Canals  of  Colorado.    From  annual  report  of  Denver  (^hamber  of  Commerce. 

The  principal  canals  of  the  State  described,  and  statistics  and  dimensions  given.   So. 

Am.  SuppL,  Sept.  11, 1886. 
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Irrigation  in  Ceylon.  By  Heary  Byrne.  Describes  the  different  systems  employed. 
Van  Nos.  Eng.  Mag.,  Vol.  XXIU.,  p.  197. 

By  R.  Abbay.  Gives  short  history  of  irrigation  and  details  of  some  of  the  work  of 
restoring  the  ancient  tank  system  in  Ceylon.  Van  Nos.  Eng.  Mag.,  Vo^.  XVIII., 
p.  53. 

In  India.    By  W.  T.  Thornton.    Treats  the  subject  with  especial  reference  to 

their  reraunerativeness.     Van  Nos.  Eng.  Mag..  Vol.  XV.,  p.  113. 

in  Southern  India.  A  description  of  the  basin  of  the  Krishna  River  with  its  irri- 
gation works.     Van  Nos.  Eng.  Mag.,  Vol.  XVIII.,  p.  158. 

Shiices,  from  Impounding  Reservoirs.    From  the  Italian.    Chief  interest  is  in  the 

means  used  to  prevent  the  accumulation  of  sedimentary  deposit  in  reservoirs  receiv- 
ing mountain  torrents.  Scour  culverts  are  provided  for  carrying  off  this  deposit 
from  the  bottom  of  the  reservoir.    Abstr.  Inst.  Civ.  Engrs.,  Vol.  LXXXIII.,  p.  473. 

Iron  for  Car  Wheels,  Microscopic  Structure  of.  By  F.  L.  Garrison.  A  paper,  with  4 
plates,  before  the  Am.  Inst.  Min.  Engrs.,  Pittsburgh  Meeting,  1886  ;  also  in  By.  Re- 
view, May  8,  1886. 

.    Mitis-Castings  from  Wrought  Iron  or  Steel.    By  Petter  Oslberg  before  the  Am. 

Inst.  Min.  Engrs.,  at  the  Pittsburgh  meeting,  Feb.,  1886.  Describes  methods  which 
are  now  extensively  used  in  Sweden  for  casting  wrought  iron. 

,   On  the  Continued  Contraction  of,  when  subjected  to  repeated  sudden  coolings. 

The  phenomenon  explained  by  H.  M.  Howe.  Trans.  Am.  Inst.  Min,  Engrs.,  Halifax 
meeting,  1885. 

,  Corrosion  of.    The  effects  of  various  kinds  of  liquids,  hot  and  cold,  on  iron,  and 

the  best  means  of  preserving  it  under  such  conditions  from  corrosion.  Trans.  Inst. 
Civ.  Engrs.,  Vol.  LXXXV.,  p.  295. 

,  Treatment  of,  to  Prevent  Corrosion.  By  Prof.  Barfif.  A  lecture  before  the  So- 
ciety of  Arts,  describing  the  Barfif  process  of  protecting  iron.  Van  Nos.  Eng.  Mag., 
Vol.  XVm.,  p.  350,  and  Vol.  XX.,  p.  439. 

.  A  New  Direct  Process  of  Manufacture.  Gives  the  results  of  experiment,  ex- 
tending over  several  months.    Va^i  Nos.  Eng.  Mag.,  Vol.  XXVII ,  p.  191. 

Production,  Development  of,  in  the  last  ten  years.  By  F.  Kupelweiser.  Statis- 
tics, etc.    Zeitschr.  d.  Oesterr.  Ing.-  u.  Arch.-Vereins,  1886,  pp.  36-50. 

,  resim(7  by  electro-magnetism.  By  A.  Herring.  Gives  detail  of  process  of  test- 
ing and  of  the  machine  employed.     Van  Nos.  Eng.  Mag.,  Vol.  XX.,  p  405. 

,  Spongy.    Treats  of  the  manufacture  and  properties  of  spongy  irons.     Van   Nos. 

Eng.  Mag.,  Vol.  XIII  ,  p.  301. 

and  Steel,  The  Hardening  of.     By  Prof.   R.  Akerman.    Treats  of  the  different 

methods  of  hardening,  and  gives  tables  of  strength  of  metals  treated  in  different 
manners.    Van  Nos.  Eng.  Mag.,  Vol.  XXII.,  p.  485. 

and  Steel  at  Low  Temperatures.    By  J.  J.  Webster.    Gives  results  of  experiment 


at  low  temperatures  to  find  the  effect  of  cold  on  the  strength  of  iron  and  steel.  Van 
Nos.  Eng.  Mag.,  Vol.  XXIII.,  p.  298. 

and  Steel  Specifications.    Prepared   at  the  Pittsburgh  Testing  Laboratory,  and 

contributed  to  the  Engr.  See.  of  Western  Penn.  by  Alfred  E.  Hunt.  With  discus- 
sion. A  very  valuable  paper  and  discussion,  based  on  actual  experience  in  a  testing 
laboratory.  Am.  Engr.,  May  15,  23,  and  29,  1886  ;  also  Railway  Review,  April  24, 
1886. 

adopted  by  the  Pittsburgh  Convention  of  Bridge  Manufacturers  and  Engineers. 

Engr.  and  Min.  Jour.,  May  1, 1886. 

Wrought.    Influence  of  punching  and  drilling  on  strength  of.    Results  of  a  series 

of  experiments  in  Zurich.    Abstrs.  Inst.  Civ.  Engrs.,  Vol.  LXXXV.,  p.  421. 

Jenkin,   Prof.    Pleeming'.    An    obituary   notice   in   Proc.  Inst.   Civ.  Engrs.,   Vol. 
LXXXII.,  p.  365. 

Jervis,  John  B.,   A  Biographical  Sketch  of,  prepared  ior  the  Am.  Soc.  Civ.  Engrs. 
Engr.  News,  Nov.  28, 1885. 
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Jets  ('/  Water  on  Curved  Vaue.i.  By  J.  P.  Church.  Gives  a  Rood  theoretical  discussion 
of  the  subject,  Van  ATo.v.  E'lig.  Mug.,  Vol.  XXII.,  p.  210. 

Jetties  at  Soutfi  Pass.  Full  liiscus.sion  of  Mr.Corthell's  paper  before  the  American 
Society  of  Civil  Engineers.  Also  includes  a  discussion  of  Galveston  Harbor  scheme. 
Trans.  Am.  Soc.  of  C.  K.,  April,  188G. 

Knots  for  Engrineers.    Twenty-nine  different  kinds  of  knots  described  and  illustrated. 

Enijr.  ytirs,  Dec.  'M,  1885. 

Krupp  Steel  "Works,  Germany.  By  Moncure  D.  Conway.  A  popular  article  written 
after  a  personal  inspection  of  the  works.  This  privilege  was  not  granted  even  to 
the  American  (»un  Foundrj-  Board  in  1884.  A  pleasing  description  of  some  tech- 
nical value.    Well  illustrated.    Harper'.f  Monthly  Mag.,  March,  1886. 

Kutter's  Formula,  applied  to  Circular  Sewers.    JH  Associ.  Eng.  Soc,  Vol.  VI.,  p.  349. 
See  Hydraulic  Tables. 

liBkboT  Problem .  A  lecture  by  J.  C.  Bayles  Preset.  Am.  Inst.  Min.  Engrs.,  before  Cor- 
nell University  students.  A  clear  statement  of  the  progress  of  the  labor  movement 
in  Europe  and  a  most  graphic  description  of  the  present  situation  in  this  country . 
A  very  readable  production,  which  sets  one  to  thinking.  So.  Am.  Suppl.,  April 
10,  188G. 

See  also  a  paper  by  Andrew  Carnegie  in  The  Forum  (New  York),  for  April,  188t3. 
A  valuable  contribution  to  the  philosophy  of  the  subject. 

Also  a  remarkable  series  of  letters,  articles,  and  opinions  from  business  and  prac- 
tical men,  as  well  as  from  students  of  political  economy  and  professional  men.  The 
best  and  most  practical  discussion  of  these  subjects  that  has  ever  appeared  in 
America.    Age  of  Steel  (St.  Louis),  February  to  May,  1886. 

Land  Surveys.  New  Rules  for  Calculating  the  Contents  of.  By  J.  W.  Davis.  Van 
Hos.  Eng.  Mag.,  Vol,  XX.,  p.  289. 

Lantem  Slides  by  Contact  Printing,  suitable  for  amateurs.  Sc.  Am.  Suppl.,  Nov. 
28,  188.5. 

Latitude,  Longitude  and  Azimuth.  Formulae  and  factors  for  computing.  For- 
muJa3  derived.     U.  S.  C.  and  G.  Survey  Rep.,  1884,  App.  No.  7. 

Lead  Pipes,  Actioti  of  Water  upon.  Extracts  from  report  of  Dr.  S.  White,  Medical 
Officer  of  Health  of  Sheffield,  England.    Sanitary  Engineer,  April  29,  1886. 

Levees  as  a  system  for  reclaiming  low  sands.  By  G.  W.  R.  Bayley.  Abstracted  from 
the  Trans  of  Am.  Soc.  of  Civ.  Engrs.    Van  Nos.  Eng.  Mag.,  Vol.  XV.,  p.  415. 

Leveling-,  Trigonometrical.  A  discussion  of  the  work  on  the  Davidson  Quadrilateral 
in  California,  the  elevations  of  the  four  stations,  ranging  from  21  to  1,173  meters 
above  sea  level.  A  least  square  reduction  given.  U.  S.  C.  and  G.  Survey  Rep., 
1884,  App.  No.  10. 

Lig^lit-Houses.  A  report  on  the  European  system,  by  Maj.  Elliot.  Van  Nos.  Eng. 
A/«(/.,  Vol.  XIV.,  p.  87. 

,   The  '"  Rothesand,'"  at  the  mouth  of  the  Weser.    Description  of  its  erection. 

Centralblatt  der  Bauverwaltung,  1886,  pp.  1,  13,  20. 

,  Report  of  the  U.  S.  Light-House  Board,  1885.    Contains  three  appendices  of 

value.  1.  Report  on  experiments  made  at  the  South  Foreland,  near  Dover,  Eng.,  to 
determine  the  comparative  power  of  oil,  gas,  and  electricity  as  light-house  illumi- 
nants,  by  French  E.  Chadwiek,  Commander  U.  S.  N.  Illustrated  by  seven  plates. 
2.  Report  on  the  Hell  Gate  electric  light,  Hallett's  Point.  N.  Y.,  and  on  progress  of 
experiments  on  electricity  as  an  illuminant  for  light  houses,  by  John  Milts,  Lieut,  of 
Engineers,  U.  S.  A.  Thirteen  plates.  3.  Report  on  the  construction  of  the  Detroit 
River  Light  Station,  in  Lake  Erie,  in  twenty  feet  of  water.    Five  plates. 

Lanterns.    General  and  detail  drawings  of  a  14-foot  lantern  designed  by  Sir  Jas. 

Douglass,  Engr.    TJie  Engineer,  April  16,  1886. 

Lighting'.  On  the  Measure  and  Distribution  of  Light.  By  Dr.  H.  Kriiss.  Mathemati- 
cal treatment  of  the  subject,  with  applications  to  the  illumination  of  closed  spaces. 
Journal  fiir  Gasbeleuchtung  und  Wasserversorgung,  1886,  pp.  66-80. 
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IJig'litning'.  Protection  of  Buildings  from.  By  Capt.  J.  S.  Bucknell.  Treats  of  the 
present  practice,  and  advocates  the  use  of  wire  ropes  instead  of  rods,  e  tc.  Van  Nos. 
Eng.  Mag.,  Vol.  XXVIl.,  p.  154. 

Lime.  A.  resume  of  several  series  of  experiments  made  by  French  engineers  and 
others  into  the  nature  and  treatment  of  lime.  Van  Nos.  Eng.  Mag.,  Vol.  XUI., 
p.  20. 

liinkagres.  By  J.  D.  DeRoos.  A  kinematic  discussion  of  the  different  forms  of  ar- 
ticulate links  with  especial  reference  to  Peoncellier's  cell.  Van  Nos.  Eng.  Mag., 
Vol.  XXI.,  pp.  159,  239  and  335. 

Link  Motion.  Errors  of  the  Zeaner  Diagram  as  applied  to  the  Stephenson.  By  W. 
D.  Marks.     Van  Nos.  Eng.  Mag.,  Vol.  XXIII,  p.  353. 

Link,  AlNew  Reversing,  for  steam  engines.  By  C.  A.  Smith.  Reviews  the  objection  to 
the  common  link  motions  and  proposes  a  new  design  to  overcome  all  diflaculties. 
Van  Nos.  Eng.  Mag.,  Vol.  XXL,  p.  123. 

Linkwork.  By  A.  B.  Kempe.  Treats  of  a  general  method  of  producing  exact  recti- 
linear motion  by  linkwork.     Van.  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  103. 

Locks  of  Boyal  Albert  Docks,  London.  Fully  described,  and  plans,  sections,  details 
given.     The  Engineer,  Feb.  5,  12,  and  19,  1886. 

llocomotive.  Evolution  of  the  American  Type.  An  interesting  and  instructive  lect- 
ure by  M.  N.  Forney,  before  the  Franklin  Institute.  Illustrated.  Jour.  Frank. 
Inst.,  October,  1886. 

.    Automators  and  tram-cars  worked  by  stored-up  energy.    Jurors'  report  on  the 

Antwerp  trial,  with  formulas.    Engineer,  May  14,  1886. 

Boilers.    Laws  with  Regard   to  Locomotive  Boilers.    Collection  and  discussion 

of  the  existing  laws  in  Germany  regarding  locomotive  boilers.    Archiv.  fur  Eisen- 
bahnwesen,  1886,  pp.  211-223. 

Construction,  Neio.    By  Prof.  A.  Frank.    Detailed  description  and  discussion  of 

the  newer  forms  of  locomotives,  compiled  from  technical  papers  during  the  past  few 
years,  with  dimensions,  illustrations  and  references.    An  interesting  and  valuable 

paper.     Zeitschrift  des  Vereins   deutscher  Ingenieure,   1886,   pp.   85-90,   132-136, 
259-262. 

Engine  in  England,  an  Outline  History  of  the.  By  Thoo.  West.  A  paper  be- 
fore the  Cleveland  Institution  of  Engineers,  of  much  historical  value.  Sci.  Amer- 
Srip.,  May  15,  1886;  condensed  in  Railway  Review,  May  15, 1886;  Am.  Engr.,  April 
29,  1886,  et  seq. 

,  Etiglish  and  American  Compared.    By  R.  H.  Burnett.    The  essential  differences 

pointed  out  as  seen  from  the  English  point  of  Tiew.    Engineering,  April  2,  1886. 

,  Fast  Passenger.    The  problem  discussed  and  general  specifications  given.    By 

T.  E.  Austin.    Illustrated.    Proc.  Phila.  Engrs.  Club,  Vol.  V.,  p.  97. 

,  Hy^avy  Passenger.    Dimensions  and  large  drawing  of  heavy  engine  on  C,  B.  &  Q_ 

R.  R.    B.  B.  Oaz.,  June  11,  1886. 

,  Ditto.    General  specifications  for  a  heavy  passenger  engine,  built  at  the  Mason 

Works,  Taunton,  Mass.    Full-page  drawing.    B.  R.  Gaz.,  June  4,  1886. 

,  Tests  of  Power  of.    By  C.  H.  Hudson.    Describes  a  series  of  experiments  to  de- 
termine what  proportion  ef  weight  on  drivers  could  be  utilized  under  the  most  fa- 
vorable circumstances.    Jour.  Assoc.  Eng.  Socs.,  Vol.  V.,  p.  333. 
-,  0)1  the  cost  of  traction,  and  the  economy  resulting  from  the  use  of  various  im- 


provements in  locomotives.  By  M.  Ricour.  Quite  an  extended  discussion.  The 
author  calculates  that  by  the  introduction  of  certain  improvements  on  all  the  loco- 
motives of  France  (7,000  in  number),  the  annual  saving  in  the  cost  of  traction  would 
be  38,000,000  francs.  Annates  des  Ponts  et  Chaussees,  September,  1885,  pp.  510-568. 

• .    Description  and  detailed  drawings  of  a  locomotive  for  the   Uleaborg  Railroad. 

Engineering,  June  4,  1886. 
Log-arithms,  Mental.    An  attempt  to  popularize  the  system  of  Mr.  Oliver  Byrne,  intre- 

duced  many  years  ago.     Van  Nos.  Eng.  Mag.,  Vol.  XX.,  p.  27. 
• ,  Notes  on.  By  Mansfield  Merriman.  Gives  brief  history  of  logarithms,  with  remarks 

on  the  use  of  different  tables.    Fan  Nos.  Eng.  Mag.,  Vol.  XXI.,  p.  189. 
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JjondoniEng.)  Municipal  and  Sanitdry  Engineering.  A  series  of  articles  describinp; 
tlu'se  abstracted  rrom  the  municipal  reports.     Engr.  News,  Aug.  21,  IHHO. 

Lubrication  of  Cars  and  Locomotives.  Abstract  of  Qrossman's  Uerman  work  on 
the  subject.    R.  R.  Gazette,  Oct.  30  and  Nov.  C,  1885. 

Longitudes  of  American  Cities.    Adjusted  values  of  all  such  lonRitudes  determined 
by  tho  U.  S.  C.  &  O.  Survey  from  1846  to  1885.     Rep.  U.  8.  C.   dt  O.   Survey,   1884. 
App.  U. 
See  Latitude. 

Macadamized  /loarfs.  Maintenance  and  Rolling  of.  Gives  the  cost  of  rolling  by 
steam  at  about  half  that  of  horse-power.     Van  Nos.  Eng.  Mag.,  April,  1884. 

Machinery  Designing.    A  senes  of  articles  by  Oberlin  Smith  in  Mechanics,  for  1885. 

Machinery,  The  Kinematics  of.  By  Prof.  Alex.  B.  W.  Kennedy.  Abstract  of  lectures 
at  South  KeHsinRton  relating  to  Reuleaux  methods.  Treats  of  the  principles  of 
mechanism.     Van  Non.  Eng.  Mag. ,\ol.  II.  and  XXV.,  p.  1  and  177. 

at  the  World's  Fair  in  Antwerp,  in  1885.  A  series  of  illustrated  articles  describ- 
ing the  steam  engines  and  textile  machinery  exhibited.  Zeitschrift  des  Vereina 
deutscherlngenieure,  18S6,i)p.'il-25,61-G3,  63-67,81-83,  102-106,  107-109,  149- 
151,  194-197,  240-044. 

Mag-netic  Needle.  By  Thos.  Job.  Treats  of  the  causes  of  its  secular  variation.  Van 
Sos.  Eng.  Mag.,  Vol.  XIX.,  p.  413. 

Magnetism  of  Ships  and  Mariner's  Compass.  A  lecture  by  Wm.  Bottomley,  London. 
Illustrated.    Sc.  Am.  Suppl.,  March  27,  1886. 

Managrement  of  Men.  A  very  good  editorial  on  the  subject.  The  Engineer,  Dec. 
25,  1885. 

Marine  Engineering:,  Recent  Progress  in.  By  Wm.  Parker,  Chief  Engineer-Surveyor 
Lloyd's,  before  Inst.  Naval  Archts.  Shows  progress  made  in  the  use  of  steam.  Am. 
Eiigr.,  Aug.  25,  1886. 

Marine  Engine  Cronfc  and  Shafts.  Flexible  crank  and  propeller  shafting  In  lieu  of 
rigid  shafting  for  marine  propulsion.  By  J.  F.  Hall,  before  the  Inst.  Naval  Archts 
With  many  illustrations.    Engineering,  April  23,  1886. 

Marine  Propulsion.  Review  of  a  book  containing  three  lectures  by  S.  W.  Bamaby. 
The  object  of  the  book  is  to  determine  the  best  dimensions,  form  and  speed  of  a 
screw  for  given  conditions  of  resistance  and  speed  of  ship.  Some  550  experiments 
worked  up.    Results  important.    Engineering,  April  16,  1886. 

Masonry  of  the  East  River  Bridge.  By  S.  CoUingwood.  Gives  details  of  masonry  of 
the  two  towers  and  anchorages.     Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  431. 

Skew  Arches,  at  St.  Paid,  Minn.  Plan,  elevation,  description,  cost,  etc.    The  cost 

was  about  twi«e  that  of  corresponding  plain  arches.    Engr.  News,  Oct.  17, 1885. 

Specifications,  for  stone  bridge  over  the  Mississippi  River,  at  Minneapolis.    Span 

of  arches  125  feet.    Am.  Engr.,  Oct.  29,  1885. 

Structures,  for  Railroads  and  Highways.    Being  thirty-five  plates  on  a  scale  of 

10  ft.  to  1  in.,  of  such  structures  as  have  been  actually  built,  together  with  their 
volumes  and  cost.  Includes  several  skew  arches.  Published  by  Richard  B.  Osborne 
&  Son,  Civil  Engrs.,  Philadelphia,  1885.     Price  86. 

Materials.  Description  of  a  Testing  Machine,  with  results  of  some  tests.  By  W. 
Hansen.  Tests  of  iron  and  steel.  No  results  of  novelty.  Zeitschrift  des  Vereins 
deutscher  Ingenieure,  1886,  pp.  125-132. 

Mechanical  Engineers.  Abstracts  of  the  Proceedings  of  the  Boston  Meeting.  An 
extended  account  in  Mechanics,  Dec,  1885. 

Mercxiry  Column.  4nmproued/orm  o/,  for  measuring  steam  pressures.  It  is  bent 
into  vertical  loops,  the  mercury  resting  in  the  lower  ends.  Thus  a  slight  displace- 
ment is  multiplied  by  the  number  of  loops.  Illustrated.  Trans.  Am.  Soc.  Mech. 
Engrs.,  Vol.  II.,  p.  98. 

Meridian  Time.  An  historical  account  of  progress  in  its  advocacy  and  adoption. 
Van  Nos.  Eng.  Mag.,  March,  1886. 
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Meter,  The,  as  appJ/ed  to  Land  Surveyinq .    By  J.  D.  Varney.    Conclusions  adverse 

to  its  adoption.    Jour.  Asso.  Eng.  Socs.,  Yol.Y.,  p.  338. 
Metric  and  Old.  Units,  Comparative  Size  of,  with  Reference  to  Convenience.    A  plea 

for  the  metric  system,  with  tables  showing  the  relations  between  the  metric  units 

and  those  now  in  use.    By  Fred.  Brooks.    Illustrated.    Jour.  Asso.  Engr.  Soc.,yo]. 

v..  p.  225. 
Metric  Tables  for  converting  meters  to  feet  and  feet  to  meters  ;  centimeters  to  inches 

and  inches  to  centimeters  ;  kilometers  to  miles  and  miles  to  kilometers.    Each  given 

for  every  unit  from  1  to  1,000.     The  Engineer,  Feb.  5,  1886. 
Meteorologrical  Self-Recording  Instrument,  invented  and  used  by  Dr.  Draper  at  the 

New  York  Meteorological  Observatory.  Fully  described  and  illustrated  in  Engineer- 
ing, Dec.  4,  1885. 
Micrometer,  The  Run  of.    Described  and  methods  of  determining  discussed  in  U.  S.  C. 

d;  G.  Survey  Rep.,  1884,  App.  No.  8. 
Mild  Steel,  Experiments  on  Iron  and.    Describes  experiments  made  at  the  Duisbury 

Bridge  Works  on  riveted  girders  of  mild  steel  and  wrought  iron.    Van  Nos.  Enq. 

Jfajf .,  Vol .  XXIX .,  p.  379. 

Mills.    See  Fire  and  Floors. 

Miner's  Inch.    See  Hydraulics. 

Mine  Eng'ineeringr,  Modern  Progress  in.  An  address  before  the  Liverpool  Eng.  Soc, 
December,  1883.    Transactions,  Vol.  IV.,  p.  136. 

Mining:,  Methods  and  Appliances  used  in  the  Anthracite  Coal  Fields.  By  H.  M. 
Chance  ;  574  pp.,  with  an  atlas  of  25  plates,  54  page-plates,  and  60  illustrations  in 
the  text.  A  full  description  of  methods  of  prospecting,  shaft  and  slope  sinking  ; 
gangway  and  tunnel  driving,  timbering,  etc.;  of  tools,  machinery,  etc.,  and  of  col- 
liery management.    Publications  Second  Geol.  Survey  of  Pa.,  AC,  1883. 

Mines,  Accidents  in.    Abstract  of  the  Report  of  the  British  Commission    to  the 
House  of  Commons,  from  the  London  Mining  Journal.    Eng.  and  Mining  Journal, 
April  24,  1886;  Engr.  News,  Sept.  25,  1886,  et  seq. 
See  Coal  and  Gold. 

Mineral  Resources  of  the  United  States.  By  Albert  Williams,  Jr.  Description  of  the 
areas  from  which  the  difterent  mineral  products  are  obtained,  accompanied  by 
tables  of  analysis  and  statistics.  Also  outlines  of  methods  used  in  prospecting, 
mining,  reduction  and  manufacture,  with  valuable  information  on  the  modes  of 
occurrence.  Published  by  U.  S.  Geological  Survey  In  1883.  pp.  813.  Price  50  cents. 
Same  for  1883  and  1884,  pp.  1,016.  Price  60  cents.  Van  Nos.  Eng.  Mag.,  Jan., 
1886. 

Mississippi  River.    See  Hydraulics,  Physics,  also  Silt. 

Moment  of  Inertia.  New  and  general  formula.  By  J.  W.  Davis.  Van  Nos.  Eng. 
Mag.,  Vol.  XXL,  p.  17. 

Mortar.  The  chemical  ingredients  and  conditions  necessary  to  make  good  mortar,  and 
what  chemical  changes  occur.  By  D.  P.  Waters.  Jour.  Assoc.  Eng.  Soc,  Vol.  V. 
p.  25. 

Mortars,  Hydraulic.  By  Di.  Michaelis.  Gives  details  of  experiments  made  with 
hydraulic  mortars.     Van  Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  282. 

Motive  Power,  Small.  By  H.  S.  H.  Shaw.  The  working  agents  are  classified,  and  the 
relative  advantages  of  the  agei>ts  are  considered  with  reference  to  the  objects  to 
which  they  are  applied.    Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  pp.  265  and  353. 

Motors.  Review  of  the  Thermig  at  the  Paris  Exhibition.  By  V.  Dwelshauver-Dery. 
Compares  the  economy  that  it  is  possible  to  obtain  in  the  employment  of  heat  in  the 
engine  with  that  which  it  is  possible  to  obtain  in  the  production  of  heat  in  the  fire- 
place.    Van  Nos.  Eng.  Mag.,  Vol.  XXII.,  p.  89. 

for  Street  Railways,    Results  of  experiments  by  Jury  on  Railway  Appliances  at 

the  Antwerp  Exhibition.    Steam,  electric,  and  compressed  air  motors  compared. 
Van  Nos.  Eng.  Mag.,  March,  1886;  also,  Sc.  Am.  Suppl.,  Feb.  27,  1886. 
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Municipal  Engrineeringr.    A  very  valuable  series  of  articles  prepared  expressly  for 

the  Kiiijinii  limi  A'-ics,  beffiin  in  number  for  Jan.  Hi,  1S80.    They  are  to  embrace  the 

'•  duties  ami  practice  of  the  departments  of  city  governments  which  have  to  do  with 

the  construction  and  maintenance  of  public  works."    Such  information  to  be  given 

conceminK  all  the  larger  American  cities. 

.     See  Boston. 

'M.ov&'ble'Da.xa  lit  Davis  IsUuid,  Ohio  River.    A  valuable  article.  Riving  a  description 

of  the  construction  of  a  Chanoine  dam  compo-ied  of  'M'l  wickets,  having  a  total 

length  of  1,223  ft.     By  William  Martin,  Assistant  Engineer  in  charge.    Illustrated. 

En;i.  News,  May  15,  1880 
Natural  Qas  in  Iron  and  Steel  Works.     By  Theo.  D.  Morgan.     A  series  of  articles  in 

the  Am.  Manufacturer,  and  reprinted  in  the  Railway  Review,  May  8,  et  seq. 
,  Piping  for.    Rules  issued  by  the  Fire  Marshal  of  Pittsburgh.    Engr.  News,  May 

8,  1886. 
.  /f.s-  U.ie  at  Pittsburgh.     A  description  of  its  various  uses  for  commercial  and 

domestic  purposes,  with  illustrations.    Sc.  Amer.,  Feb.  27,  1886. 
Navig'ation,  Inland,  of  Europe.    An  abstract  of  lecture  before  the  Inst  Civ.  Engrs. 

A  very  fair  summary  of  over  three  columns  in  length,  of  the  facts  connected  with 

the  river  and  canal  navigation  on  the  Continent.    Engr.  News.,  Feb.  6,  1886. 
.     Interior  navigation  in    France.     Description  of  yessels  employed,  details, 

statistics,  and  prices  for  transportation,  with  discussion.     Memoires  de  la  Societe 

des  Ingeneurs  Civils,  August,  1885,  pp.  186-200. 
.    Study  on  the  mode  of  Navigation  to  be  applied  (on  the  Rhone)  between  Lyons 

and  Marseilles.     Largely  a  discussion  of    chain  towage.     Annates  des  Pants  et 

Chan.fsies,  August,  1885,  pp.  362-395. 
,  Submarine.    The  Nordenfeldt  Submarine  Boat.    Illustrated  by  a  number  of 


cuts,  and  described  in  Sc.  Am.,  Nov.  7,  1885  :  also  see  Engr.  News,  Oct.  24,  1885. 

Navy.  The  IJ.  S.,  and  its  Prospects  of  Rehabilitation.  By  Rear  Admiral  Edward 
Simpson,  Pre?.  U.  S.  Naval  Inst.  Annual  address.  A  38-page  article  reviewing  the 
needs  and  prospects  of  a  proper  equipment  of  the  various  branches  of  the  service. 
Proc.  U.  S.  Naval  Inst..  Vol.  XII.,  No.  1  (December,  1885). 

NicaragTia  Ship  Canal.  Abstract  of  ofiScial  report  of  Civ.  Engr.  A.  G.  Menocal 
U.  S.  N.,  on  the  relocation  of  the  route  of  this  canal,  made  last  winter.  Changes  so 
great  as  to  make  a  new  problem  of  it.  Maps,  profiles  and  estimates  given.  Am. 
Engr..  Nov.  26,  1885. 

Nitrate  of  Soda.  Machinery  and  methods  of  manufacturing  this  fertilizer,  as  em- 
ployed in  Chili.    Proc.  Inst.  Civ.  Engrs..  Vol.  LXXXII.,  p.  337. 

Non-Conductors  of  Heat.  Experiments  to  find  the  relative  values  of  hair-felt,  mm- 
eral  wool,  mineral  wool  and  tar.  sawdust,  charcoal,  pine  wood,  loam,  slacked  lime, 
coal  ashps,  coke,  air,  asbestos,  and  charcoal.  By  Chas.  E.  Emery.  Trans.  Am.  Soc. 
Mech.  Engrs. ,Yo\.  II.,  p.  .34. 

North  Carolina,  Geology  of.  By  Ebenezer  Emmons.  Description  of  the  geological 
formations  used  and  of  the  mineral  resources.  Pp.  351.  Illustrated  by  maps  and 
sections.    Issued  by  the  State  in  1856.    (Out  of  print). 

,  Geology  of.     By  Prof.  W.  C.  Kerr.    Pp.  325.    Appendices  issued  in  1875.  (Reprint 

in  press). 

Obelisk.  The  cause  of  its  decay  found  in  mechanical  disintegration  due  to  changes  of 
temperature.    Science,  Dec.  11, 1885. 

,    Its  disintegration.     By  Thos.  Eggleston.    Gives  results  of  examinations  as  to 

cause  of  its  decay.  Due  to  temperature  changes  rather  than  to  moisture  and  freez- 
ing.    Trans.  Am.  Soc.   Civ.  Engrs.,  Vol.  XV.,  p.  79. 

Observations.  A  Generalized  Theory  of  the  Combinations  of  Observations  so  as  to 
obtain  the  Best  Result.  By  Simon  Newcomb.  This  is  a  modified  form  of  the  Least 
Square  method,  whereby  the  discrepant  observations  are  neither  wholly  rejected 
nor  given  full  weight,  but  each  is  weighted  by  both  o  priori  and  a  posteriori  argu- 
ments, so  as  to  obtain  a  final  most  probable  value,  which  is  subject  to  the  personal 
judgment  of  the  computer.  Am.  Jour,  of  Math's.  Johns  Hopkins  Univ.,  Vol.  VIII., 
No.  4,  p.  343. 
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Oils.  The  niuminating  Quality  of  Kerosene  Oils.  A  special  report  by  Henry  A.  Kastle, 
State  Inspector  of  oils.  St.  Paul,  with  special  reference  to  the  diminished  illuminating 
power  of  such  oils  in  the  last  few  years. 

Oil  Reerions  of  Pcnn.  and  New  Yo7-k.  Their  product  and  exhaustion.  By  Ch.  A.  Ash- 
burner.    Trans.  Am.  Inst.  Min.  Engrs.,  Halifax  meeting,  1885. 

Ordnance  Materials,  New.  An  oflScial  report  by  Capt.  Wm.  H.  Bixby,  not  printed 
elsewhere.  A  thorough  review  of  the  present  state  of  theory  and  practice.  Fully 
illustrated.    To  run  some  three  months  in  Engr.  News,  beginning  Oct,  24,  1885. 

Ore  Deposits,  of  the  Precious  Metals  Popular  Fallacies  Regarding.  By  Albert 
Williams,  Jr.  A  paper  of  14  pp.,  of  considerable  value  to  prospectors,  in  Fourth 
An.  Report  of  the  V.  S.  Geol.  Survey,  1882-3. 

Paine,  Thomas,  the  original  inventor  of  long  iron  bridges.  This  claim  fairly  proven 
in  Engr.  News,  Sept.  11,  1886. 

Panama  Canal,  Notes  on.  By  Chas.  D.  Jameson.  This  is  a  historical  and  descriptive 
article  by  an  engineer  for  engineers.  It  is  the  most  satisfactory  presentation  of  the 
whole  subject  the  Index  Manager  has  yet  seen.  Accompanied  by  map,  plans,  etc. 
A  very  readable  and  valuable  contribution  by  one  who  takes  a  hopeful  view  of  the 
enterprise.  Salaries,  expenses,  etc.,  given.  Jour.  Assoc.  Engr.  Sacs.,  Vol.  V.,  page 
367. 

Feitent  System,  of  the  United  States.  A  series  of  articles  describing  the  same.  By 
Geo.  O.  G.  Coale.    In  Engineering,  Jan.  1,  1886,  et  seq. 

Pavements.  Extracts  from  two  papers  before  the  Inst,  of  C.  E.  Van  Nos.  Engr. 
Mag.,  Vol.  XXI.,  p.  35. 

.    Asphalt  Pavements  of  Paris.    Brief  description  of  the  method  of  mixing  Pnd 

laying  the  concrete  foundation,  with  a  notice  of  the  character  of  pavement  com- 
monly adopted  m  Berlin.    Sanitary  Engineer,  Jan.  7,  1886. 

,  Specifications  for  Granite.    Form  of  agreement  and  specifications  used  in  paving 

at  Providence,  R.  I.    Eng.  News,  June  5,  1885. 

,  Impervious  Street   Pavements  of  Liverpool.     Have  a  cement  concrete  base, 

covered  with  blocks  of  granite  or  wood.    Trans.  Liverpool  Eng.  Soc,  Vol.   III., 
p.  61. 

.    By  G.  T.  Deacon.    Treats  of  the  details  and  cost  of  construction  of  pavement  of 

hammer-dressed  stone,  asphalt  and  wood.    Van  Nos.    Eng.   Mag.,  Vol.  XXIV.j 
p.  237. 

,  Telford  and  Macadam.    By  A.  P.  Starrs.    Treats  of  the  material,  cross-section, 

foundation,  metal  and  maintenance.     Van  Nos.  Eng.  Mag.,  Vol.  XIII.,  p.  451. 

Pendulum  Titan.  A  kind  of  crane  which  handles  and  throws  automatically  large 
quantities  of  material,  such  as  loose  rock  or  concrete,  to  the  distance  of  100  or  150 
feet.  Useful  in  canstructing  breakwaters.  Sc.  Am.,  Nov.  14,  1885.  Also,  The 
Engineer,  Nov.  13,  1885.    Also,  Iron,  Nov.  13,  1885. 

Performance  Sheet,  based  on  evaporation  per  pound  of  coal.  See  Railroad  Economy. 

Physics  and  Hydraulics  of  the  Mississippi.  A  reply  to  criticisms  made  by  Dr. 
Hagen,  by  Gen.  Humphreys  and  Gen.  Abbot.  Van  Nos.  Engr.  Mag.  Vol.  XVIII., 
p.  1. 

Piece-Work,  shown  to  be  applicable  to  railroad  shops.  A  series  of  well-written  arti- 
cles by  J.  D.  Casanave  in  R.  R.  Gazette,  July  2,  9  and  16,1886. 

Pile  Driving.  By  E.  H.  Beckler.  Gives  forms  of  records  used  and  experience  of  the 
writer  on  the  St.  Louis  River  bridge  at  Duluth,  Minn.  Jour.  Assoc.  Engr.  Soc,  Vol. 
v.,  p.  248. 

Formulas.    A  discussion  of  more  or  less  value,  the  gist  of  which  is  well  given  in 

editorial  in  Tlie  Engineer,  April  2, 1886.    The  exact  reactions  well  described. 

Gives  abstracts  from  a  number  of  letters  from  ofiScers  of  Engineer  Corps  to  the 
Chief  of  Engineers.     Van  Nos.  Engr.  Mag.,  Vol.  XXVII.,  p.  22. 

By  A.  C.  Hartzig.     Gives  set  of  diagrams  and  the  method  by  which  they  were  ob- 
tained.    Van  Nos.  Engr.  Mag.,  Vol.  XXVII.,  p.  386. 

By  Rd.  Randolph.    A  discussion  of  a  number  of  formulas.    Van  Nos.  Eng.  Mag., 
Vol.  XXVII.,  p.  298. 
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Pile  Foundations,  and  Pile-Driving  Fomutlas.  A  circular  of  10  pp.  from  the  office 
of  the  Chief  of  Kngrs.,  U.  S.  A.,  dated  Nov. '^8,  1K81,  embodying  the  combined  ex- 
perience of  many  officers  of  the  corps,  with  a  theoretical  discussion  by  Lieut. -Col. 
George  H.  Eliot. 

"Piles,  Note  on  the  Friction  tif,  in  Clay.  By  A.  C.  Hertzip.  Gives  formula  for  the  ex- 
treme load  to  be  carried  by  a  pile  after  a  definite  amount  of  driving.  Also  the 
determination  of  the  friction  on  piles  pulled  at  Hull,  Eng.  Van  Nos.  Emj.  Mag., 
Vol.  XXV.,  p.  273. 

.    Experiments  on  the  Resistance  to  Horizontal  Stress  of  Timber.      By  J.  W. 

Sandeman.  Gives  results  of  a  number  of  experiments  undertaken  to  find  the  re- 
sistance to  horizontal  movement  of  piling  by  different  strata.  Van  iVo.s.  Eng.  Mag., 
Vol.  XXIII.,  p.  493. 

Pillars,  Formula  for.  By  John  D.  Crebore.  An  attempt  to  establish  a  formula 
for  the  strength  of  pillars  that  yield  to  bending,  rather  than  to  direct  crushing. 
Van  Nos.  Eng.  Mag.,  Vol.  XXI.,  p.  501. 

By  J.  D.  Crehore.  Gives  table  of  strength.  Vaii  Nos.  Eng.  Mag.,  Vol.  XXIII., 
p.  bO. 

An  article  by  John  D.  Crehore.  Gives  the  application  of  a  formulate  pillars 
tested  on  the  government  machine  at  Watertown,  Mass.  Van  Nos.  Eng.  Mag., 
Vol.  XXIX.,  p.  129. 

.  A  method  of  deducing  formula  from  experiments  on  wrought-iron  pillars.     By 

J.  D.  Crehore.     Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  360. 

Pipe  Connection  for  water  pipes  of  large  diameter,  by  separate  flanges  and  either 
rubber  rings  or  lead  packing,  according  to  system  Halberg.  Dispenses  with  pouring 
joint.  Brief  description  in  Journal  fiir  Gasbeleuchtung  tind  Wasserversorgung, 
1886,  pp.  13-15. 

Joints.  With  especial  reference  to  water  pipes.  Discusses  spigot  and  socket- 
joints,  hinged  joints,  screwed  joints  and  solder  joints.  A  practical  paper  of  value. 
Trans.  Liverpool  Eng.  Soc,  Vol.  IV.,  p.  103. 

Systems,  The  Efficiency  of,  for  Furnishing  Water  to  Fire  Engines.    By  S.  Bent 


Russell.  This  is  a  pretty  successful  attempt  to  show  "  how  to  furnish  at  any  point 
in  a  city  a  sufficient  quantity  of  water  to  supply  a  maximum  number  of  fire-engines 
and  use  the  least  quantity  (tonnage)  of  pipes  consistent  with  assured  safety."  A 
theoretical  investigation  based  on  experiments.  Illustrated.  Jour.  Assoc.  Engr. 
Soc,  Vol.  v.,  p.  279. 

Piston-Packing:,  A  Rational  System  of.  By  Prof.  S.  W.  Robinson.  A  theoretical 
investigation  of  value.  Illustrated.  The  packing  ring  pressed  out  by  the  fluid- 
pressure  on  the  compression  side  of  piston-head,  which  connects  with  space  under 
bottom  of  ring.     Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  II.,  p.  19. 

Pitof  s  Tube.  A  Neio  Form,.  By  S.  W.  Robinson.  Treats  of  the  previous  forms  of 
tube,  gives  main  features  of  new  form,  with  discussion  of  an  actual  trial.  Van  Nos. 
Eng.  Mag.,  Vol.  XVIII.,  p.  255. 

Pittsburgrh  and  Vicinity.  A  record  of  seven  years'  progress,  by  Wm.  P.  Shinn, 
before  the  Am.  Inst.  Min.  Engrs.,  at  the  Pittsburgh  meeting,  February,  1886. 

.    The  Geology  of  the  Pittsburgh  Coal  Region.    By  J.  P.  Lesley,  State  Geologist, 

before  the  Am.  Soc.  Min.  Engrs.,  at  the  Pittsburgh  meeting,  February,  1880.  Dis- 
cusses the  coal,  oil  and  gas  products. 

Platinum,  Specific  Heat  of.  From  original  memoirs.  Of  use  in  calorimeter  measure- 
ments.    Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  III.,  p.  174. 

Plumbing  Appliances,  Improved.  By  J.  Pickering.  Treats  of  the  development  of  the 
anti  siphon  trap     Illustrated.    Building,  June  5,  1886. 

of  an  Isolated  Country  Hou.te,  valued  at  S-'i-OOO,  connected  with  the  town  water 

supply  and  discharging  house  wastes  into  a  subsurface  irrigation  system,  or  into  a 
street  sewer.    Specifications  and  drawings  given.    Sanitary  Eng.,  Dec.  10,  1885. 

Pneumatic  Transmission  of  Written  Telegraphic  Messages  between  the  central  and 
branch  offices  in  London.  Over  39  miles  of  such  tubes  in  operation.  A  paper  by 
J.  W.  Willmot  before  the  British  Association.  Illustrated.  The  Engineer,  Nov.  20, 
1885. 
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Pneumatic  Tubes.  Results  of  experiments  on  the  movement  of  air  tubes.  Length 
of  tube  experimented  with  6,700  feet,  and  2.54  inch  in  diameter.  Van  Nos.  Eng. 
Mag.,  Vol.  XIV.,  p.  315. 

Polar  Exploration.  Discussed  by  Lieut.  John  W.  Danenhower,  U.  S.  N.,  before  the 
U.  S.  Naval  Inst.  A  paper  of  over  50  pp.,  with  discussion  by  Nares,  Melville, 
Greely,  Kink  (Gov.  of  Greenland),  Nourse,  Koldeway,  and  Markham.  The  question 
discussed  from  all  sides  and  the  conclusion  reached  that  further  eflCort  in  that  direc- 
tion should  be  discouraged.  A  very  valuable  paper.  Proc.  U.  S.  Naval  Inst. 
(Annapohs,  Md.),  Vol.  XI.,  No.  4,  p.  633. 

Preservation  of  the  Obelisk  by  the  application  of  a  parafflne  wax  compound.  The 
method  employed  fully  described  and  illustraied,  with  the  theories  on  which  it  is 
based.  By  R.  M.  Coffall  before  the  New  York  Academy  of  Sciences.  Sc.  Am.  Supph, 
Jan.  30,  1886. 

Pressure  of  flowing  liquids  against  an  oblique  plane.  Discussion  of  different  formulas. 
Der  Civilingenieur,  1885,  Heft  2,  pp.  77-103. 

in  Water  Pipes.    Presssure  necessary  for  fire  purposes  in  German  cities.    By  E. 

Grahn.  Statistics  regarding  number  of  flres,  amount  of  water  required,  and  pres- 
sure. Journal  fiir  Oasbeleuchtung  und  Wasserversorgung,  1886,  pp.  48-53,  87-90, 
118-123. 

Prismoidal  Formula.  By  J.  W.  Davis.  A  good  discussion  of  the  formula  with  some 
queer  results.     Van  Nos.  Eng.  Mag.,  Vol.  XX.,  p.  410. 

Projection  of  Maps.  Tables  for  the  projection  of  large  maps  by  the  polyconic  sys- 
tem, using  Clarke's  spheroid,  and  computed  from  the  equator  to  the  pole.  Values 
given  in  metres.  U.  S.  Coast  and  Geodetic  Survey,  Report  for  1884,  Appendix 
No.  6. 

Propellers.  Researches  on  the  theoretical  construction  of  screw  propellers.  Bv  M. 
Uuray  de  Bruignac.  Memoires  de  la  Soc.  des  Ing.  Civils,  1885,  July,  pp.  62-128.  Ex- 
tended mathematical  discussion. 

Public  Building's,  The  Proposed  Law  for  the  Erection  of.  Letters  from  many  archi- 
tects upon  the  subject  in  Zjfitj'Wi?!^,  March  27,1886.  The  text  of  the  bill  in  San. 
Engr.,  March  25,  1886. 

Public  Health.  Abstracts  of  the  papers  read  and  discussions  at  the  meeting  of  the 
Am.  P.  H.  Association,  held  at  Washington,  Dec,  1885.  Science,  Dec.  11  and  18, 
1885. 

Public  Works.  The  organization  of  this  department  in  the  Argentine  Republic.  It  is 
purely  a  civil  bureau  and  newly  organized.  From  the  German.  Engr.  News,  March 
13,  1886. 

,  A  National  Board  of.    A  report  of  the  committee  of  the  Technical  Society  of 

the  Pacific  Coast.    Eng.  News,  June  12,  1886. 

.    An  editorial  on  Reorganizing  the  Scientific  Bureaus  of  the  General  Government. 

Presents  many  facts  and  arguments  making  a  substantial  addition  to  the  literature 
on  this  subject.    Engr.  News,  Feb.  13,  1886. 

• and  Scientific  Bureaus  of  the  U.  S.  Government.    Editorials  on  their  conduct. 


and  on  the  question  of  separating  tbem  from  the   War  and  Navy  Departments. 
Science,  Dec.  18,  1885,  and  N.  Y.  Evening  Post,  Dec.  17,  1885. 

Pumping'  Engines.  By  J.  W.  Hill.  A  report  on  the  tasts  for  capacity  and  duty  of  a 
large  Worthington  engine  at  Buflals,  N.  Y.  Van  Nos.  Eng.  Mag.,  Vol.  XXVIII., 
p.  287. 

at  Saratoga,  N.  Y.,  the  Gaskell.  By  John  W.  Hill.  Gives  details  of  the  per- 
formance of  the  Gaskell  compound  pumping-engine,  which  gave  a  duty  of  113,- 
000,000  lbs.     Van  Nos.  Eng.  Mag.,  Vol.  XXIX.,  p.  297. 

,    Gaskell  compound.    By  John  W.  Hill.    Report  of  the  test  of  the  engines  erected 

at  Evan'ville  Water-Works.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  428. 

.    Specifications  for  High-Service  Pumping  Engine  No.  5,  and  boilers  for  the  St. 

Louis  Water- Works.    With  two-page  plate  of  general  drawings  of  sam  e.    Engr. 
News,  Aug.  7,  1886. 
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Pumpint?'  Engines,  Ilinh-Ditt}/  Worthinytoii.  A  description  and  sectional  view  of  the 
high-duty  ptiiiipiiiK-enKine  at  New  Bedford,  Mass.     Eiujr.  Nimva,  June  liO,  IHHli. 

for  Water  Wovkx.    On  the  selection  of  steam  pumps  from  those  oflfered  in  the 

market.  The  considerations  which  shou'd  enable  an  engineer  to  decide  for  any 
Rived  case.     By  Alfred  R.  Wolflf,  M.  E.    Enur.  Neu-x,  Sept.  :35,  1880. 

of  the  Boston  Main  Drainage  Works.    Illustrated  and  described  in  Mechanics, 

Dec.  1885. 

Pump  for  Sewagi'  and  Sliidf/e.  A  short  description  of  the  pump  for  the  sewage 
works  at  Waltharastow.     Illustrated.     Engineer,  June  IH,  1880. 

Pumpiner  Machinery.  By  E.  D.  Leavitt.  Being  the  tenth  Sibley  College  lecture  at 
Cornell  University.  Treats  of  the  pumping  engines  in  use  in  the  American  cities 
for  obtaining  water  supply,  mine  pumping  machinery,  as  well  as  the  economy  and 
duty  of  pumping  machinery.     Sci.  Am.  Suppl.,  July  31,  1880. 

Pumps.  The  history  and  theoretical  laws  of  centrifugal  pumps,  as  supported  by  ex- 
periments and  their  application  to  their  design.  By  K.  C.  Parsons.  Illustrated. 
Van  iVos.  Enf/.  Mag.,  Vol.  XVII.,  p.  484. 

Purification  of  the  Seine.  By  Alfred  Durand-Ulaye.  Description  of  the  present 
method  of  sewage  disposal  at  Paris  by  irrigation,  and  plan  for  disposing  of  the  re- 
mainder of  the  sewage  of  the  city  in  the  same  manner.  Annates  des  Pants  et 
Chaussi'es,  September,  1885,  pp.  477-510. 

Pyrometer.     Use  of  the  Calorimeter  for  High  Temperatures.     By  J.   C.   Iloadley. 

Describes  a  successful  use  and  the  construction  of  this  instrument.    Illustrated. 

Trans.  Am,  Soc.  Mech.  Engrs.,  Vol.  II.,  p.  42.    See  Platinum  for  the  specific  heat  of 

this  metal. 
.    4  )ieu)/omi  by  which  the  furnace  temperature  is  determined  by  observing  the 

change  in  the  temperature  of  water  passed  through  a  short  section  of  tube  inside  the 

furnace.    Mechanics,  Nov.,  1885. 

Q,uay  Wall,  af  jBoi^ecrfnm.  A  brief  description  of  the  method  of  construction.  Van 
iVos.  Eng.  Mag.,  Vol.  XVIII.,  p.  111. 

Rail-Joints,  Practice  concerning,  given  in  tabulated  form  for  twenty  different  rail- 
road corporations.  Gives  style  of  splice  and  allowance  for  expansion.  R.  R.  Gazette, 
Feb.  5,  1886. 

.  Why  they  break.  A  caretul  summary  of  various  arguments  with  some  new  the- 
ories.   Illustrated.     An  editorial  in  Railroad  Gazette.  Nov.  0,  1885. 

~,  Rails  and  Sleepers.    By  C.  Peter  Sandberg,  before  the  Inst.  Civ.    Engrs.    Gives 

European  experience  and  practice.  Gives  results  of  extended  tests  of  different 
kinds  of  joints  on  the  Swedish  State  railways;  also  proposes  tests  for  rails,  and 
points  out  some  common  and  fatal  errors  in  the  design  of  cross-sections  of  rails. 
The  author  has  been  a  rail  and  joint  inspector  for  over  20  years.  The  article  is  well 
illustrated  and  valuable.    Reprinted  in  Engr.  News,  March  20,  1886. 

and  Steel  Rails.  A  paper  before  the  Inst,  of  Civ.  Engrs.,  London,  by  C.  P.  Sand- 
berg. Gives  European  experience  and  practice,  bearing  on  the  discussion  in  this 
country  in  1885,  in  the  matter  of  spUce  bars.  Illustrated.  R.  R.  Uazette,  Feb.  12, 
19  and  26,  1886. 

Railroads.  English  and  American  Compared.  By  Ed.  B.  Dorsey.  An  article  of 
some  80  pages,  comparing  methods  of  construction  and  management.  Trans.  Am. 
Soc.  Civ.  Engrs..  Vol.  XV.,  p.  1.  Abstract  three  columns  in  length  in  Engr.  Neics, 
April  10,  1886. 

Compared,  English  and  Foreign.    Engineering,  May  7,  1886. 

,  American  and  English  Compared.    An  additional  paper  by  Mr.  Dorsey.  giving  cost 

of  maintenance  of  way,  repairs  and  renewals  of  locomotives,  motive  power  and 
total  operating  expenses.    Engr.  News,  July  10,  1886. 

• of  Briti.ih  India,  and  the  agricultural  products  of  the  country.    Descriptive 

account.    Arch,  fiir  Ei.fenbahnwesen,  1885,  Heft.  5,  pp.  570-584. 
of  Germany  and  England  m  the  years  1881-83.    Comparison  as  regards  statis- 
tics, finances,  rolling  stock,  etc.    Archiv.  fur  Eisenbahnwesen,  1885,  pp.  585-596. 
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Kailroads  of  Japan.  Extracts  from  report  of  Secretary  of  the  British  Legation  of 
Tokio.     Maps  and  descriptions.    Am.  Engr.,  Dec.  10,  1885. 

in  Scandinavia.     Statistics  of  railroads  in  Sweden,  Norway   and    Denmark. 

Archiv.  fiir  Einenbahnwesen,  1885,  Heft.  6,  pp.  671-681. 

,  The  Canadian  Pacific.  An  account  of  the  road  from  its  inception  to  its  comple- 
tion, with  total  cost  and  financial  standing,  imileage  and  branch  lines.  Set.  Am. 
Suppl,  July  24,  1886. 

.    The  Italian  Railroad  lata  of  April  27,1885,  and  the  new  traffic  agreements. 

By  Dr.  Pieck.  A  paper  that  will  be  of  value  to  all  who  are  interested  in  economic 
questions  regarding  railroad  policy.  Archiv  fur  Eisenbahnwesen,  1886,  pp.  141-188. 

• ,    Economical  Construction  of.    By  Robert  Gordon.     This  is  a  review  of  the 

American  as  compared  with  the  English  practice,  to  discover  the  causes  of  the 
more  economical  operation  of  American  lines.    Fully  illustrated. 

Also,  Railways  in  New  Countries,  by  J.  B,.  Morse,  and  The  Construction  of  the 
Can.  tac.  Ry.,  by  G.  C.  Cunningham,  followed  by  discussion  on  the  entire  subject, 
the  whole  covering  142  pp.  in  Inst.  Civ.  Engrs.,  Vol.  LXXXV.,  p.  54. 

,  Economic  Construction  of.  Discussion  on  Gordon's.      Engr.  News,  July  31,  1886. 

,  Economical.    By  Robert  Gordon,  before  the  Inst.  Civ.  Engrs.,  London.    A  paper 

based  on  the  American  practice  as  seen  by  an  Englishman.  Favors  our  methods 
for  new  countries.    Engr.  News,  April  17,  1886.    Sci.  Amer.  Suppl.,  May  1,  1886. 

Economics.    By  Prof.  S.  W.  Robinson,  Inspector  of  Railroads  for  the  State  of 

Ohio.  Gives  some  results  of  observation  on  bridges,  roadways,  etc.  Illustrated. 
Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  II.,  p.  524. 

.    By  S.  W.  Robinson.    Notes,  with  comments,  from  a  tour  over  Ohio  railroads. 

Leading  topics  are  bridges,  curves  and  crossings.  Van  Nos.  Eng.  Mag.,  Vol.  XXVI., 
p.  385,  also  59  of  Science  Series. 

Economy,  subserved  by  New  Performance  Sheets,  wherein  the  evaporation  per 

pound  of  coal  shall  be  the  basis.  Suggestions  as  to  how  this  may  be  accomplished. 
By  C.  N.  Baker.    Engr.  News,  Feb.  6,  1886. 

,  The  Operating  Departments  and   Management  of.     By  "  Superintendent."    A 

series  cf  articles  discussing  the  duties  of  a  General  Superintendent  who  has  charge 
of  transportation,  roadway,  and  motive  power  departments.  Railroad  Gazette, 
Dec.  4, 1885,  et  seq. 

.    Maintenance  of  Way  in  East  Indies.    Treats  of  turning  and  changing  rails; 

expansion,  creeping  of  rails  on  double-track  roads,  squaring  joints,  lifting  road, 
packing  sleepers,  etc.    Engr.  News,  Aug.  14, 1886. 

.    Cost  of  Maintenance  of  the  Prussian  State  Railroads.     By  Wm.   Nordling. 

Shows  by  statistics  of  Austrian  and  Prussian  railroads  the  relation  between 
cost  of  maintenance  and  total  traffic.  Archiv.  fiir  Eisenbahnwesen,  1886,  pp. 
45-59. 


—  of  Austria-Hungary.  Extract  from  report  of  MM.  Brawe  and  "Weiss.  Short 
account  of  principal  features.  Annates  des  Fonts  et  Chaussees,  Dec,  1885,  pp. 
1019-1058. 

— ,  Extension  of,  in  Prussia.  Account  of  the  projects  now  under  way.  Archiv.  fiir 
Eisenbahnwesen,  1886,  pp.  332-353. 

—  in  Russia.  Detailed  statististics  from  the  Government  report  for  1885.  On  Jan. 
1,  1884,  there  were  25,090  km.  (about  15,680  miles)  in  operation.  Archiv.  fiir  Eisen- 
bahnwesen, 1886,  pp.  353-364. 

— .  The  Italian  railroad  law  of  April  27,  1827,  is  given  in  full  in  Archiv.  fiir  Eisen- 
bahnwesen, 1886,  pp.  364-408. 

—  of  the  World.  Some  statistics  up  to  the  end  of  1884.  The  total  length  of  oper- 
ated road  was  408,108  km.  (about  292,.500  miles),  an  increase  of  25.7  per  cent.,  since 
1880.    Archiv.  fiir  Eisenbahnwesen,  1886,  pp.  289-297. 

— .  Curves  and  Crossings.  By  S.  W.  Robinson.  Gives  formulae  and  tables  for  case- 
ment curves  as  adapted  to  field  practice.     Van  Nos.  Eng.  Mag.,  Vol.  27,  pp.  56. 
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Railroads.    Tummits  from  Combination  Trcuku,  Discussed  by  E.  Q.  Tuttle.    Illus- 

trateil.    Sch.  of  Mines  Qnar.,  Jan.,  1880. 
Location.    The  location  of  the  Western  Division  of  the  Canadian  Pacifle  Ry.    By 

F.  P.  Davis.    A  lopage  article  in  l^oc.  Mich.  Eng.  Soc,  1885. 

Locomotives  and  Cars,  Estrade''s  New  I'atterns.     All  wheels  8J^  ft.  diameter  for 

both  locomotive  and  cars.  Speed  75  miles  per  hour.  Now  tlnished  at  Paris.  Cuts 
Riven.    Sc.  Am..  Siippl.,  Sept.  11,  1886. 

.  Change  of  Oange  on  the  Southern  Roads.  Programme  prepared  by  the  com- 
mittee for  such  a  change  on  May  31,  1886.    Railway  Review,  Feb.  27, 1880. 

Cross-Tics,  Relative  Cost  of  Iron  and  Wooden.    From  the  German.    Iron  ties 

must  last  at  least  25  years  to  be  as  cheap  as  wooden  ones  ou  the  Continent.  Abst. 
List.  Civ.  Engrs.,  Vol.  LXXXIII.  p.  49f>. 

.    On    the   Combined  Adhesiim   and  Rack-Rnil  System  of  Abt.    Description  of  the 

roads  as  constructed  from  Blankenburg  to  Tann*^,  in  the  Hartz,  and  the  freight  road 
to  Oertelsbruch,  in  Thuringia,  with  estimate  of  cost.  Illustrated.  Eng.  News,  May 
22. 1886. 

.     Worked  by  Endless  Ropes  for  Steep  Inclines.    By  T.  Agudio.    Proposes  to  use 

turbine  wheel  for  power  to  run  a  double  system  of  wire  ropes  which  will  communi- 
cate power  to  a  "locomotor"  with  pinion  gearing.  Van  Nos.  Eng.  A/ag.,  Vol. 
XXIII.,  p.  230. 

Rates  in  France.    Statement  of  rates,  with  a  discussion  of  the  subject  and 

comparison  with  German  rates.  Archiv.  fiir  Eisenbahnwesen,  1885,  Heft  5,  pp. 
525-569. 

,    The  Relation  of  to  the  State.    By  Wm.  P.  Sninn,  C.  E.    A  series  of   articles 

giving  the  latest  legislative  enactments  and  decisions.  Railivay  Revietv,  March  6, 
1886,  et  seq. 

.     Rolling  Stock,  Uniformity  in.    By  O.  Chanute.    A  paper  of  23  pp.,  describing 

the  writer's  experience  in  introducing  uniformity  in  the  rolling  stock  of  the  Erie 
road  so  that  all  parts  were  interchangeable.  Illustrated.  Trans.  Am.  Soc.  Civ. 
Engrs.,  Vol.  XI.  (1882),  p.  291. 

Signals  in  Anstrin-Hiingary.    Extract  from  report  of  MM.  Brawe  and  Weiss. 

Annates  des  Fonts  et  Chaussees,  1885,  pp.  1058-1144. 

Sigtialing  in  England,  by  A.  M.  Thompson.    With  discussions,  covering  65  pp. 

in  Proc.  List.  Civ.  Engrs.     Vol.  LXXXII..  p.  166. 

Signals.    An  abstract  from  the  Eleventh  Annual  Report  of  the  Commissioners 

of  Mass.  Gives  a  brief  description  of  a  number  of  systems  of  signals.  Van  Nos.  Eng. 
Mag.    Vol.  22,  p.  457. 

.    Spirals  or  Helices.     A  description  of  the  only  bridge  in  existence,  and  of 

another  in  process  of  construction,  with  a  reference  to  certain  tunnel  spirals  on  the 
Gothard  Railroad.  Maps  and  alternative  locations  given.  Railroad  Gazette,  Nov. 
27,  1855. 

• Statistics.   Statistics  for  1884  of  the  Saxon  Railroads,  the  St.  Gothard  road,  and 

other  roads.    Archiv.  fur  Eisenbahnwesen,  1886,  pp.  222,  238. 

Statistics  of  German,  French,  Swedish  and  Norwegian  Railroads.    Archiv.  fur 

Eisenbahnwesen,  18S6,  pp.  81-90. 

.    Stopping  and  Starting  Trains.    By  E.  W.  Hyde.    Compares   the  expense  of 

stopping  a  moving  train,  and  thus  bringing  it  back  to  the  same  speed  with  that  of 
maintaining  the  given  velocity  unchanged.     Van  Nos.  Eng.  Mag  ,    Vol.   16,    p.  490. 

,  Subsurface.    Proposed  plans  for  such  a  system  on  Broadway,  New  York.    Fully 

illustrated.  Engr.  News,  Jan.  2,  1886;  also  R.  R.  Gazette,  Jan.  11,  1886,  and  Electr. 
WorW,  Jan.  9.  1886. 

.   Terminal  Facilities  of  the  Del.,  Lac.  &  West.  R.  R.  at  Hoboken,  N.  J.    Fully 

Illustrated.    R.  R.  Gazette.  Oct.  16,  1885. 

Of  the  N.  Y.,  W.  S.  &  B.  R.  R.  at  New  York  City.  Illustrated.  R.  R.  Gazette, 
Nov.  6.  1885. 

Of  the  Midland  Ry.,  London.  An  area  of  ten  acres  covered  by  a  two-story  yard 
the  lower  story  being  14  ft.  high  and  lighted  by  electricity.  Cars  raised  and 
lowered  by  hydraulic  lifts.  Upper  yard  wholly  supported  by  iron  columns  and 
floor  of  bent  plates,  etc.    Fully  illustrated.    The  Engineer,  Dec.  25,  1885. 
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Kailroads.  Fracture  of  Tires.  By  W.  W.  Beaumont.  Points  out  what  he  believes  to 
be  the  reasons  for  fractures  and  proposes  remedy.  Van  Nos.  Eng.  Mag.,  Vol.  XVI.^ 
p.  403. 

. Transportation.    How  railroads  can  be  made  more  efficient  in  this  regard.    Two 

papers  by  Wm.  P.  Shinn,  with  discussion  by  many  engineers  and  others  (contributed 
from  December,  1882,  to  June,  1883),  and  the  whole  occupying  146  pp.  Of  lasting 
value  to  chief  engineers  and  managers  of  railroads.  Trans.  Am.  Soc.  Civ.  Engrs., 
Vol.  XI.,  p.  365,  Vol.  XU.,  pp.  126.  180, 189  and  339. 

,  Notes  on  the  Construction  and  Equipment  of  Narrow  Gauge.    By  A.  L.  Reed. 

Contains  notes  on  construction  and  estimation  of  cost.  Van  Nos.  Eng.  Mag.,  Dec, 
1884. 

,  Narrow  versus  Standard  Gauge.  By  C.  H.  Hudson.  A  comparison  of  advan- 
tages for  transporting  freight,  showmg  the  great  advantage  of  the  standard  gauge. 
Jour.  Assoc.  Eng.  Soc,  Vol.  V.,  p.  6. 

.    By  Jules  Morandiere.    Gives  statistics  and  other  information  on  the  construction 

and  working  of  narrow  gauge  and  secondary  roads.  Van  Nos.  Eng.  Mag.,  Vol.  XIX., 
p.  168. 

Surveys  and  Construction,  Notes  on.    By  H.   P.  Bell.    Some  general  notes  on 

railroad  work.     Van  Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  11. 

.    By  J.  A.  L.  Waddell.    A  paper  to  young  engineers  on  exploration,  preliminary 

surveys,  locations,  and  constructions.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  281. 

.    On  the  working  of  steep  gradients  and  sharp  curves  on  railways,  by  H.  W. 

Tyler,  before  Inst,  cf  Ctv.  Engrs.    Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  267. 

.    An  essay  by  W.  K.  Brown  on  the  construction  of  the  best  form  of  freight  cars 

with  special  reference  to  economy  in  dead  weight.  Van  Nos.  Eng.  Mag.,  Vol.  XVI , 
p.  135. 

.    The  Harz  railroad  (from  Blankenburg  to  Tanne)  and  the  road  at  the  quarries 

Oertelsbruch  in  Biiringen,  both  on  the  combined  Abt  and  adhesion  system.  Woch- 
enschrift  des  Oesterr.  Ing.-  und  Arch.-Vereins,  1886,  pp.  102-107. 

.    The  projected  Maduro-Mamore  road  in  Brazil.    Account  of  preliminary  works, 

character  of  the  country,  etc.  Wochenschrift  des  Oesterr .  Ing.-  und  Arch.-Vereins, 
18&6,  pp.  113-115,  141-144. 

Policy,   English,  in  India.     By  Gustav  Cohn.     Archiv  fiir  Eisenbahnwesen. 

1886,  pp.  1-12. 

,  Single-Rail  Elevated.    The  Lartigue  System  as  now  in  operation  in  London,  Eng. 

A  very  Interesting  new  departure  in  this  line,  designed  to  accommodate  sparsely 
settled  regions,  to  serve  as  freight  tramway,  etc.  Illustrated.  L-on,  September  3, 
1886. 

,  Underground  in  Cities.    Brief  resume  of  the  papers  by  Messrs.  B.Baker  and 

J.  W.  Barry  before  the  Inst,  of  C.  E.  Illustrated.  Sanitary  Eng.,  May  20,  27,  etc. 
See  Cars,  Rolling  Stock,  Snow  Tunnel,  Track. 

Rails,  Wear  of  at  Joints.  A  series  of  engravings  from  photographs  of  worn  joints  on 
the  Penn.  Road,  after  nine  years'  use.  Instructive  as  showing  the  nature  of  the 
wear  in  actual  service.    R.  R.  Gazette,  Sept.  3,  1886. 

.    Statistics  on  the  durability  of  rails.    Supplement  to  the  statistics  for  the  years 

1879-81.  Published  by  the  Verein  Deutscher  Eisenbahn,  Verwaltungen,  as  a  sup- 
plement to  the  "  Organ  fiir  die  Fortschritte  des  Eisenbahnwesens  "  for  1885. 

Testing  in  Russia.    Perhaps  the  most  elaborate  tests  in  the  world  applied  to  steel 

rails.    Proc.  Inst.  Civ.  Engrs  ,  Vol.  LXXXII  ,  p.  399. 

.  Section  of  the  Proposed  100-lb.    A  fall-sized  section  of  the  rail  proposed,  with  a 

good  discussion  of  the  need  of  it.  Also  an  editorial  on  the  same  subject.  R.  R, 
Gazette,  June  25,  1886. 

.  The  New  Rail  Section  for  the  Prussian  Roads  (adopted  Aug.  23,  1885)  has  a 

height  of  514  inches,  breadth  of  base  4%  inches,  and  thickness  of  web  in  centre,  .43 
inch.  The  total  width  of  head  is  2*4  inches,  with  vertical  sides,  rounded  at  the 
upper  corners  with  a  radius  of  .55  and  at  the  lower  corners  with  a  radius  of  .2  inch. 
The  slope  of  the  under  side  of  the  head  and  top  of  foot  Is  1  in  4.  Illustrated  in 
Deutsche  Bauzeiiung,  1885,  p.  482. 
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Rails,  Utilization  of  Old.  Detailed  drawings  of  a  bridge  built  of  old  rails,    Eng.  News, 

May  15.  188ii. 
,   Wi'ight  ami  Form  of.    Report  of  the  Com.  of  the  Road-Masters' Asao.    Kiujr. 

Sews,  Nov.  7,  1885. 
Rain-fall.     The  Amount  Avuihiblr  for  Water  Supply.     A  most  valuable  paper  before 

the  X.  K.  Water-Works  Association.     By   Uesuiond   Filz;?erald,   givinx   many   facts 

from  American  observations  as  the  amount  collectible,  also  the  supply  analyzed  for 

the  various  months  of  the  year.     Kugr.  News,  Aug.  21,  1886. 
— -— .  Its  Relation  to  the    Water  Supply  of  a   City.    By  P.  H.   Baerman,     Van  Nos. 

Engr.  Mag.,  Vol.  XXIV..  p.  199. 
.   Comments  on  the  above  paper  by  Julius  W.  Adams.    Van  Nos.  Engr.  Mag.,  Vol. 

XXIV.,  p.  336. 
Rain  Storms  in  Neir  England.     An  account  of  the  great  rainfall  of  Feb.  10-14,  1886, 

when  O.U  inches  fell  in  24  hours.    Also  the  maximum  fall  in  other  great  storms.  By 

Prof.  Winslow  Upton,  iu  Science,  March  19,  and  Engr.  News.  April  3,  1886. 
Reclamation  of  Lake  Copais.      A  plan  being  carried  out  in  Greece  for  the  purpose  of 

drainage  of  about  60,000  acres  of  land.    Illustrated.    Engineer,  July  9, 1886. 
Refrigerator,  r/ie  Theory  nf  the  Ammonia.   Prof.  C.  M.Woodward.   An  exposition  of 

the  theory  with  application  to  a  practical  example.     Jour.  Assoc.  Engr.  Sac,  Vol. 

v..  p.  243. 
Regenerative  Furnace,  the  Development  of  the.    By  F.  Siemens.      Particularly  with 

regard  to  the   improvents  by  the  new  Siemens  method  of  heating.    Zeitschr.  d. 

Oesterr.  Ing.-  u.  Arch.-Verein.^,  1886.  pp.  27-36. 
,  at  ^[un^ch  Gasiuork.    By  Drs.  Schilling  and  Bante.    Gives  results  of  the  working 

of  a  bench  of  six  ovens  on  the  so-called  "  damp"  system.     Van  Nos.  Engr.   Mag., 

Vol.  XXIX.,  p.  511. 
Reservoir  Construction.    By  Max  Kraft.   A  description  of  the  reservoirs  constructed, 

to  supply  power  at  the  mines  Treiburg.    Van  Nos.  Eng.  Mag.,  Vol.  XXIX.,  p.  32. 
,  Covered  Service.    A  paper  by  W.  Morris  before  the  Inst,  of  Civil  Engrs.    Gives 

details  of  a  large  number  of  covered  reservoirs  in  Europe.     Van  Nos.  Eng.  Mag., 

Feb.,  1884. 

Embankments.    A  description  of  the  slide  of  the  sloped  paddle  walls  of  the 

Beacon  St.  Reservoir,  Lowell  water-works.  Illustrated.  Jour.  Assoc.  Engr.  Socs., 
Vol.  v..  p.  297. 

of  Iron  Plates  for  Water  Supply.  Various  forms  of  existing  and  proposed  reser- 
voirs, tanks  and  towers  in  Europe.  Many  illustrations,  with  a  theoretical  study  of 
stresses.    Set.  Am.  SupjA.,  Aug.  28,  1886. 

Walls,  Failure  of,  at  Lowell,  Mass.    A  paving  set  on  a  puddled  slope.  1]4  to  1, 

slips  when  water  is  drawn  down,  after  13  years  use.  The  puddle  softened  and  forced 
©ut  by  pressure  of  back  water  coming  from  the  natural  bank.  Illustrated.  San. 
Engr.,  Jan.  14.  1886. 

-,  for  Water  Supply,  Capacity  of  Storage.    Treats  of  Hawley's  formula,  the  em- 


pirical method,  and  then  gives  a  new  graphical  method  for  computing  the  capacity 

for  storage.     Van  Nos.  Eng.  Mag.,  Vol.  XXIX.,  p.  67. 
Resistance  of  Cars.    Experiments  of  the  State  Railroad  of  Saxony  on  the  resistance 

of  cars  on  normal  gauge  tracks.     By  F.  Hoffmann.     Organ  fiir  die  Fortschritte  dea 

Eisenbuhnicesens,  1885,  pp.  174-178,  202-208. 
Retaining  Walls.    By  W.  M.  Thornton.    Gives  a  concise  account  of  Lame's  theory 

of  pressure  of  earth  and  its  application  to  retaining  walls.     Van  Nos.,  Vol.  XX.,  p. 

313. 
.    ByWm.  Cain.    A  theoretical  discussion  in  which  the  earth  is  considered  as  a 

homogeneous  and  incompressible  mass,  made  up  of  little  grains  possessing  friction 

but  without  cohesion.     Van  Nos.  Engr.  Mag.,  Vol.  XXII.,  p.  265. 
.    By  E.S.Gould.    A  ."sketch  of  the  work  of  Mr.  Dubosque  with  formulse.       Van 

Nos.  Engr.  Mag.,  Vol.  XXVIII.,  p.  204. 
.    By  E.  S.Gould.    An  attempt  to  plan  the  calculation  of  ordinary  retaining  walls 

upon  its  simplest  footing.    Van  Nos.  Engr.  Mag.,  Vol.  XVI.,  p.  1 1. 
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Retaining-  Walls.  Mathematical  investigation  of  the  question  of  the  use  of  earth  be- 
hind a  retaining  wall.     By  J.  R.  Allen.     Van  Nos.  Eng.  Mag.,  Vol.  XVII.,  p.  155. 

.    Study  on  the  resistance  of  materials  in  retaining  walls.  By  M.  Hetler.  A  lengthy 

article  de  iling  with  retaining  walls  under  every  conceivable  condition,  but  apparently 
containing  nothing  new.    Annales  des  Pouts  et  Chaussees,  1885,  May,  pp.  795-990. 

Rivers,  Bank  Protection  of.  By  W.  S.  Chaplin.  Gives  illustrated  descriptions  of 
some  of  the  methods  employed  in  Japan.    Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  129. 

.    Basin  and  Regimen  of  the  Mississi2ypi.    By  C.   M.   Woodward.    Gives  much 

information  relating  to  the  river  and  its  action.  Van  Nos.  Eng.  Mag.,  Vol.  XX VII., 
p.  18. 

and  Canals.    A  short  description  of  the  more  recent  methods  of  transport  on 

rivers  and  canals,  and  details  of  their  employment  in  Germany.  Van  Nos.  Eng. 
Mag.,  Vol.  XXVIII.,  p.  295. 

Recent  experiments  on  the  flow  of  water  in  rivers  and  canals.  By  K.  R.  Borne- 
mann.  A  review  of  the  work  of  Gerbenau  on  the  Rhine,  Harlacher  on  the  Elbe,  and 
Gardau  on  the  Irrawaddy.     Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  521. 

of  China.    Gives  discharge,  sediment,  and  other  data  for  the  Yang-Ste,  Hoang-ho 

and  Pei-ho  rivers.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  63. 

Conservency.    By  J.  C.  Hawkshaw.      Illustrated   by  drainage  administration  in 

Holland.     Van  Nos.  Eng.  Mag  ,  Vol.  XXIII.,  p.  250. 

.  By  W.  H.  Wheeler.  Treats  of  the  rivers  in  the  Eastern  Midland  district  of  Eng- 
land, the  Withan,  Willand,  Ouse,  etc.;  also  of  floods  and  their  remedy.  Van  Nos. 
Eng.  Mag.,  Vol.  XXVII.,  p.  281. 

.    By  Edward  Eastan.    Contains  review  of  ancient  water- works  and  treats  of  the 

English  rivers.  Advocates  a  local  government  board  for  dealing  with  every  water- 
shed in  England.     Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  345. 

.    Control  and  Mariagement  of.    By  J.  C.  Hawkshaw,  before  the  Dublin  meeting 

of  the  British  Asso.  Shows  some  of  thediflQculties  encountered  in  river  work.  Van 
Nos.  Eng.  Mag.,  Vol.  XX.,  p.  495. 

.  Danube.    Improvement  of  at  Vienna.    A  lecture  before  the  Society  of  Austrian 

Engineers  and  Architects.  Trans,  by  Gen.  G.  Weitzel.  Van  Nos.  Eng.  Mag.,  Vol. 
XXVI,  p.  193. 

Discharge.    Obstruction  to,  by  Bridge  Piers.     By  Gen.  Q.  A.  Gillmore.    Gives  a 

short  history  of  the  case  of  the  Chemung  River,  N.  Y.,  and  gives  some  interesting 
comparisons  between  the  Chemung  and  Mississippi  rivers.  Van  Nos.  Eng.  Mag., 
Vol.  XXVI.,  p.  441. 

Improvements.   Tlie  Davis  Island  Movable  Dam  on  the  Ohio  River  at  Pittsburgh. 

Several  cuts  given  with  description.    Sc.  Amer.,  April  3, 1886. 

,    On  the  Flow  of  Water  in.    By  De  V.  Wood.    A  paper  presented  at  the  Annual 
Convention  of  the  Am  .  Soc.  of  C.  E.,  1879.    Van  Nos.  Eng.  Mag.,  Vol.  XXI.,  p.  369. 
.    Improvement  of  in  France.    By  Wm.  Watson.     Gives  an  account  of  an  excur- 
sion on  the  Main  River,  and  describes  Desfontaine's  Drum  Weirs.      Van  Nos.  Eng. 
Mag.,  Vol.  XVII.,  p.  253. 

By  Wm.  Watson.  Gives  an  illustrated  description  of  Poir6es  system  of  movable 
dams.     Van  Nos.  Eng.  Mag.,  Vol.  XVIH.,  p.  339. 

By  Wm.  Watson.  An  illustrated  description  of  the  Chanoine  system  of  falling 
gates.     Van  Nos.  Eng.  Mag.,  Vol.  XVIII.,  p.  458. 

By  Wm.  Watson.  Illustrated  description  of  the  Chanoine  movable  dam  at  Paris. 
Van  Nos.  Eng.  Mag.,  Vol.  XVIII.,  p.  481. 

Seine,  Improvement  of.    By   L.  F.  Vernon-Harcourt.     A  paper  read  and  dis' 

cussed  before  the  Inst,  of  C.  E.  Gives  a  full  account  of  the  methods  employed  and 
the  work  done.    Proc.  Inst.  C.  E.,  Eng.  News,  July  3-31,  1886. 

Gauging  and  the  Double  Float.    By  S.   W.  Robinson.    A  brief  history  of  the 

double  float  is  given,  after  which  the  author  treats  of  the  discrepancies  between  the 
values  obtained  by  floats  and  meter  and  their  causes.  Van  Nos.  Eng.  Mag.,  Vol. 
Xni.,  p.  99. 
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and  Harbors.    Improvement  of  on  the  Atlantic  coast  of  the  Southern  States 

Abstracts  from  the  report  of  Gen.  (Itllmore.  Gives  delaila  of  the  Improvement  at 
Charleston  Harbor.     Van  iVo.s.  Entj.  Mai/.,  Vol    XXIV.,  p.  1. 

and  Harbor  Improvement.    Views  of    Col.  CraiKhill.    An   important  sugicestion. 

Knij.  X>w.%  June  19,  1880. 

Kiver  Hydraulics.  The  Mean  Velocity  of  Streams  flowing  in  Natural  Channels. 
Uy  Roht.  E.  McMath.  A  discussion  of  value,  wherein  a  neve  departure  is  made  in 
the  treatment  of  the  subject.  Some  ne(v  functions  heretofore  ignored,  but  which 
alway.s  exist  in  natural  channels,  introduced.  The  results  not  wholly  negative,  some 
permanent  advance  being  made.  Paper  covers,  25  pp.,  with  10  plates.  A  new  for- 
mula well  sustained  by  observations.  Trans.  Am.  Soc.  Civ.  Engr3.,\o\.  XI.  (1882), 
p.  18G. 

Some  Considerations  on  the  Relation  of  Bed  to  the  Variables.    By  J.  A.  Seddon. 

Some  important  fundamental  principles  stated,  and  the  results  of  a  series  of  experi- 
ments given,  tending  to  show  the  relation  of  cross-section  to  slope  and  velocity  for 
constant  discarge.  For  a  given  material  and  discharge,  the  velocity  shown  to  he 
nearly  constant  ;  but  the  cross-section  taking  a  diminishing  hydraulic  mean  radius 
with  increased  slope.  An  important  beginning  in  the  right  direction  to  a  final  under 
standing  of  even  the  most  fundamental  principles  of  this  subject.  Illustrated. 
Jour.  Assoc.  Eng.  Soc,  Vol.,  V.,  p.  127. 

■  On  the  Determination  of  the  Flood  Discharge  of  Rivers  and  the  Back   Water 

caused  by  Contraction.  By  Wm.  R.  Hutton  ;  with  discussion  by  Theo.  R.  KIlis  and 
Robt.  E.  McMath.  This  is  the  Elmira  Crossing  case,  between  the  Lackwanna  and 
Erie  roads.  The  discussion  mostly  valuable  in  showing  the  worthlessness  of  all 
formulas  for  such  uses.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XI.  (1883),  p.  211.  Same 
case  and  formulas  discussed  by  Genl.  Q.  A.  Gillmore  in  Fan  iVos.  Eng.  Mag.,  Vol. 
XXVI.  (June,  1882),  p.  411. 

See   Hydraulics. 

River  Improvements.  The  Neiv  Channel  from  Rotterdam  to  the  North  Sea.  From 
the  German.  A  fine  column  of  this  important  work,  with  maps,  plans,  sections  of 
jetties,  etc.  Consists  of  the  cutting  of  a  channel  three  miles  long  through  low  lands 
and  sand  dunes  ;  the  closing  of  the  old  river  ;  the  construction  of  two  parallel  jetties 
far  into  the  sea  ;  the  regulation  of  the  river  above  the  new  cut ;  the  construction  of 
a  large  dyke  ten  miles  long,  and  the  construction  of  a  canal  with  locks.  All  described 
in  Engr.  News,  Aug.  28,  1886. 

A  paper  by  C.  DeGraflfenried,  giving  a  short  sketch  of  the  regulation  of  the 
waters  of  the  Jura  River.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  .38. 

Letter  by  Col.  W.  P.  Craighill,  giving  statistics  in  regard  to  the  work.  Contains 
some  valuable  figures.    Sanitary  Engineer,  June  JO. 

An  article  on  the  improvement  of  rivers  having  considerable  fall,  and  with  beds 
liable  to  scour.  Proposes  to  use  law  training  banks  and  movable  weirs.  Van  Nos. 
Eng.  Mag.,  Vol.  XXVII.,  p.  103. 

.    C(ni«Ji2o^t"o«  o/ ^/le  J/ose?|from  Metz  to  Koblenz.    Fall  of  stream  is  329  feet  in 

the  distance  of  188  miles.  Thirty -two  dams  are  projected,  from  7.2.5  to  9.50  feet 
high,  with  a  total  height  of  250  feet,  the  navigable  depth  to  be  at  least  6.5  feet.  The 
cost,  with  locks  for  single  boats  only,  is  estimated  at  about  $2,600,000.  Deutsche 
Bauzeitung,  1886,  pp.  178-179. 

— Nile.     By  Benj.   Baker.     Paper  supplementary  to  the  article   in  Beardmore's 

"Hydrology."  The  data  being  from  Egyptian  Gov.  document.  Van  Nos.  Eng. 
Mag.,  Vol.  XXIII.,  p.  405. 

,  Non-Tid(d,  Improvement  of.    Illustrated  by  the  River  Tiber,  by  Wm.  Sbelford. 

Contrasts  tidal  and  nori-cidal  rivers,  and  discusses  remedies  agamst  floods.  Favors 
levees  but  admits  their  deteriorating  influence  on  the  channel,  with  discussions. 
Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXII.,  p.  2. 

• ,  Profile  and  Cross-section  of.    By  Opel.    The  writer  thinks  that  the  normal  pro 

file  of  every  stream  not  flowing  in  a  rocky  bed  is  parabolic.  Deutsche  Bauzeitung, 
1886,  pp.  135-138,  147-151. 

•~^— Regulation,  Project  for  the  Vienna  River  at  Vienna.  Proposed  to  carry  the 
stream  through  the  city  in  a  subterranean  covered  channel.  Maximum  discharge 
about  10,000  cubic  ft.  per  sec.  Wochenschrift  d.  Ocsterr.  Ing.-und  Arch.-Vereina, 
1886,  pp.  87-90. 
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River  Improvements,  Rhone,  Mouth  of.    The  problem  of  iinproviiig,  discussed  at 

length  by  Adolphe  Gu6rard.    Translated  from  the  Freuch.    Proc.  Inst.  Civ.  Engrs. , 

Vol.  LXXXII.,p.  305. 
,  Improvement  of  the  St.  John's  (Fla.)     Abstract  of  a  report  to  the  Municipal 

Board  of  Jacksonville,  Florida.    By  J.  B.  Eads.    Van  Nos.  Eng.  Mag.,  Vol.  XVIII., 

p.  489. 
,  Discharge  and  Regulation  of  the  Tiber.    By  T.  Montanari.    An  examination  of 

the  measurements  made  ut  different  times,  with  a  view  to  the  construction  of  a  new 

scale  for  the  river  ;  also  discusses  mean  velocities,  rainfalls,  etc.    Van  Nos.  Eng. 

Mag.,  Vol.  XXIX.,  p.  501. 
and  Waterways ,  The  Regulation  of,  with  a  View  to  the   Prevention  of  Floods. 

By  Gustav  Ritter  von  Wex.    A  valuable  article.  Van  Nos.  Eng.  Mag.,  Vol.  XXVIII. 

p.  108. 
Rivet  Holes  in  steel  plates.    Results  of  pxperiments  carried  out  under  the  direction 

of  the  English  Board  of  Trade  on  the  relative  effect  of  punching  and  drilling  steel 

plates  of  different  thicknesses.     Vaii  Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  155. 
Riveted  Joints /or  Boi7er  worfc  ,•  account  of  some  tests  of.     By  U.  H.  Moberiy.     Full 

description  and  results  of  experiments  made  to  find  the  best  form  of  joints  for  steei 

boiler  plates.     Van  Nos.  Eng.  Mag.,  Jan.,  1884. 
.    Kensington  NaVl  Agricultural  Hall.      Design  for  a  truss  of  170  ft.  span.      Sci. 

Am  Sup.,  Juno  5,  1886. 
Rivets,  Pitch  of.    By  Theodore  Cooper.    Gives  methods  of  computing  pitch  of  rivets 

and  thickness  of  the  web  in  riveted  plate  girders.     Van  Nos.  Eng.  Mag.,  Vol.  XVII., 

p.  209. 
Road  Improvement.    By.  C.  G.  Elliott,  before  Illinois  Association  of  Engineers.    The 

building  of    country  roads  considered  as  an  engineering  problem.    Engr.  News^ 

March  13, 1886. 

.    As  applied  to  country  roads.    Engr.  News,  Nov.  14,  1885. 

Rolling:  Stock  of  Italian  Railroads.  By  S.  Fad  da.    Gives  a  very  complete  description 

of  engines  and  cars.    With  many  cuts.    Travis.  Inst.  Civ.  Engrs.,  Vol.  LXXXIU., 

p.  351. 
Roof,  On  the  Fall  of  the  Huddersfield  Station  Roof,  England,  resulfng  in  the  death  of 

four  men  and  the  wounding  of  several  others.    A  good  example  of  how  not  to  do  it. 

Illus'rated.    The  Engineer,  Nov.  13,  1885  ;  also  Engineering,  Oct.  16,  1885. 

T)-uss.    Semicircidar  Timber  designed  by  Captain  F.  Fowke,  R.  E.    Described 

and  illustrated  in  Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXII.,  p.  301. 

TrM.s.s.    Liverpool  Internationcd  Exposition,  description  and  detailed  drawings  of 

the  tiuss  at.    Engineer,  June  11, 1886. 

Rotary  Blowers  and  Pumps.  The  best  dimensions  of  parts  as  the  result  of  long 
experience  in  England.    Illustrated.    Engineering,  April  16,  1886. 

Roorkee  Experiments.     See  Hydraulics. 

Safe  Deposit  Vault,  The  Modern  Construction  of.  Described  and  illustrated  in  San. 
Engr.,  Sept.  2A,  1886. 

Saiiava,  Flooding  the.  By  Geo.  W.  Plympton.  Gives  a  brief  i-^sume  of  the  project, 
showing  that  the  total  area  of  the  inland  sea  is  about  3,100  square  miles,  less  than 
one-half  the  size  of  Lake  Ontario.     Van  Nos.  Engr.  Mag.,  August,  1886. 

Sand-Bag'  Embankment  on  the  Jersey  Coast.  A  temporary  device  for  securing  a 
deposit  of  sand  to  close  an  inlet.  Details  of  the  work,  with  cuts.  By  P.  T.  Osborne, 
Proc.  Phila.  Engr.  Club,  Vol.  V.,  p.  117. 

Sa.nd'Ba.nks  and  Sand  Hills.  By  li.  Keller.  Treats  of  the  formation  of  sand  banks 
and  hills;  also  of  the  construction  and  maintenance  of  harbors  on  sandy  coasts.  Van 
Nos.  Engr.  Mag.,  Vol.  XXVIT.,  p.  71. 

Sanitation,  Household.  An  address  before  the  Rochester,  N,  Y.,  Academy  of  Sci- 
ences, by  W.  S.  Hovt.  C.  E.    Building,  May  15  and  2-Z,  1886. 

Sanitary  Engineering:.  By  Prof .  William  Cain,  C.  E.  Pp.90.  Pamphlet  published 
by  the  N.  C.  Board  of  Health,  1885.  Brief  discussion  of  the  subjects  of  drainage, 
ventilation,  water  supply  and  sewerage,  with  particular  reference  to  North  Carolina. 
Illustrated. 

By  Capt.  D.  Qalton,  before  the  Sanitary  Congress  at  Croydon.    Van  Nos.  Eng. 
Mag.,  Vol.  XXII.,  p.  128. 
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Sanitary  FullacUn.    An  address  delivered  at  Croydon  by  Prof.  W.  H.  Corfleld.      Vnn 

Nos.  Kngr.  Mug.,  Vol.  XXII.,  p.  28. 
Construction  and  Arrangement  of  Dwelling  Houses.     ByW.  H.  Corfleld.      Aval. 

uable  coHtribution  to  the  subject.     Vttn  Nos.  Engr.  Mag.,  Vol.  XXII.,  pp.  177  and 

Defects  in  Hotise.i.    Abstracted  from  a  lecture   by  Dr.  Chas.  Kelly,  at  tne  Parkes 


Museum  of  HyKiene.     I'm  No.s.  Engr.  Mag.,  Feb.,  1884. 

—  Inspection  of  Houses  and  Premises.  IJy  Dr.  Henry  Mitcball,  Health  Officer  of 
Asbury  Park,  N.  J.  Designed  as  a  guide  to  health  officers.  Sanitary  Neivs,  Dec.  5, 
1885. 

—  Instpection  Service  in  Chicago.  Abstract  of  report  on  this  service  for  1885,  show- 
ing  a  large  amount  of  efficient  service  rendered.    Sanitary  News,  Oct.  10, 1885. 

—  Les.wns  Reviewed  and  New  Lessons  Considered.  Extracts  from  a  paper  by  Mr, 
Robert  Rawlinson,  read  before  the  Exeter  Congress  of  the  Sanitary  Inst.  Van  No.i. 
Eng.  Mag.,  Vol.  XXIII..  p.  50G. 

—  Ordinances  of  Asbury  Park,  N.  J.  The  full  text  of  these  ordinances  which  are 
actually  in  force  in  this  model  village  so  far  as  sanitary  arrangements  are  con- 
cerned. Also  an  account  of  the  growth  of  the  village  itself.  Siipjtl.  to  Sanitary 
News,  Oct.  17.  1885. 

—  Administration  in  Paris.  Notes  by  Mr.  Till  on  the  v.-ater  supply,  gas,  paving 
and  sewage  of  Paris.    Van  Nos.  Eng.  Mag,,  Vol.  XXIV.,  p.  tJ98. 

—  Arrangements  of  Pidlman,  III.  Extracts  from  a  full  report  on  the  State  Board 
of  Health  for  1885.    Sanitary  News,  Nov.  14,  1885.  et  seq. 

—  Science.  A  City  of  Health.  By  B.  W.  Richardson.  Gives  sketch  of  an  ideal 
city  built  with  all  the  improvements  of  modern  sanitary  science.  Van  Nos.  Eng. 
Mag. ,Yo\.  XIV,  p.  31. 

— ,  Revelations  of.    By  E.  C.  Robins.     Van  Nos.  Eng.  Mag..  Vol.  XXV.,  p.  505. 

—  in  the  United  States.  A  review  by  A.  R.  Leeds.  Van  Nos.  Eng.  Mag.,  Vol.  XX., 
p.  6. 

—  Advantages  of  Smooth  and  Impermeable  Street  Surfaces.     Bv  Edwin  Chad  wick. 


before  the  Soc.  of  Arts.    Advocates  the  use  of  asphalt  pavmg.     Van  Nos.  Eng.  Mag., 

Vol.  v.,  p.  586. 
Supervision  of  Dwellings.    By  Lewis  Angell.    A  paper  read   before  the  Assoc. 

of  Municipal  and  Sanitary  Engrs.  and  Surv.,  Birmingham,  June,  1881.    Van  Nos, 

Eng.  Mag.,  Vol.  XXV.,  p.  .388. 
Survey,  of  St.  Louis,  Mo.    A  .aeries  of  valuable  papers  by  city  officials  and  local 

sanitarians.    Reprinted  from   Trans.  Am.  Pub.  Health  Assoc,  Yo\.  X..  for  the  St 

Louis  Local  Committee.     Address  John  D.  Stevenson,  Health  Commissioner,  St. 

Louis 
Scale  i)i  Steam  Boilers.    By  G.  S.  King,  before  the  Royal  Society  of  Arts.     Van  Nos. 

Eng.  Mag.,  June,  1884. 
Sc'h.ool-'H.OMBe  Construction.    A  series  of  articles  on  the  planning  and  construction  of 

school-houses  of  all  grades.    By  W.  R.  Briggs.    Building,  Feb.  6,  1886,  et  seq. 
,  Prinuiry.    By  the  City  Architect  of  Boston.    Three  floor  plans  and  two  elevators 

of  a  new  building,  with  description  of  plumbing,  heating,  ventilation,  etc.    Heated 

by  steam,  indirect  system,  closets  in  basement.    San.  Engr.,  May  6,  1886. 

.    See  Heating,  etc. 

Scow,  for  Dumping.    Designed  to  dump  rock,  by  allowing  the  upper  platform  to  run 

down  ways   far  enough  to  dump  the  load.    Cuts  shown,    ^u.  Rep.  Chief  of  Engrs., 

U.  S.  A..  1885,  p.  498. 
Screw  Forging:  Machine.    An  illustrated  article  describing  a  machine  for  forging 

the  tlir.-ails  on  large  screws  and  thus  saving  mateiial  and  labor.    From   The  Engi- 

nei  r.  in  Am.  Engr.,  April  15,  ISHn. 

Screw  Propeller  Engines.  The  new  features  of  engines  and  boilers  introduced  in  the 
compound  beam  engines  of  the  new  U.  S.  twin  screw  propeller,  Chicago.  Fully 
illustrated  and  described.    Mech.  Engr  ,  Nov.  C8,  1885. 
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Screw  Propeller,  4  New  Method  of  Designing.    By  Christian  Hoehle.     Introduces 

some  new  propositions  as  to  the  slip.    Illustrated.    Jour.  Frank  Inst. ,  Aug.,  1886. 
Screws.    A  Practical  Solution  of  the  Perfect  Screw  Problem.    By  Wm.   A.  Rogers. 

Shows  how  a  perfect  screw  may  be  made.    Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  V., 

p.  216. 
Sediment-Bearing:  Mountain  Streams,  Treatment  of.    By  Geo.  J.  Specht,  before* 

Tech.  Soc.  Pac.  Coast.    Discusses  how  the  formation  of  detritus  may  be  prevented 

and  how  it  may  be  stored  near  its  som'ce.    Engr.  News,  Nov.  7, 1885. 
Self-Purification  of  Peaty  Rivers.    By  W.  N.  Hartley.    A  good  treatment  of  the 

subject,  from  a  chemical  point  of  view.     Van  Nos.  Eng.  Mag.,  Vol.  XXIX.,  p.  17. 
Sewage,  Berlin.    Analyses  of  the   affluent  from  the  Berlin  sewage  irrigation  works. 

Van  Nos.  Eng.  Mag.,  July,  1886. 
,  Composition  of.    Gives  statistics  relating  to  London  sewage  and  its  composition. 

Van  Nos.  Eng.  Mag.,  Vol.  I.,  p.  793. 

Crops.    A  brief  review  of  the  claims  of  sewage  crops.    A  few  details  given  of  the 

farming  of  the  Romford  farm.     Van  Nos.  Eng.  Mag.,  Vol.  iV.,  p.  385. 

,  Disposal  of,  at  Almshouse  and  Insane  Asylum,  near  Providence,  R.  I.    Brief 

description  of  plan  and  methods  of  disposal  by  irrigation.    Illustrated.    San.  Eng., 

March  4, 1886. 
in  Europe.    By  W.  Howard  White,  before  Am.  Soc.  Civ.  Engrs.    A  short  but 

satisfactory  r6sum6  of  the  present  European  methods  of  sewage  and  garbage  dis- 
posal.    Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XV  ;  also  Engr.  News,  March  27,  1886. 
,  Disposal  of  Berlin.    A  short  description,  from  the  French.    The  entire  rainfall 

and  sewage  proper  disposed  of  by  irrigation,  except  the  overflow  in  times  of  heavy 

rains.    Eminently  successful.     Engr.  News,  Oct.  7,  1885. 
,  Pneumatic  Disposal  of.    A  system  of  pumping  sewage  mud  by  exhaust  from 

tank  on  shore  into  vessels  with  500  ton  tanks  for  conveyance  out  to  sea.  Illustrated. 

Sci.  Amer.  Sup.,  May  22,  1886. 
.    A  short  description  of  the  precipitation  works  at  Sheffield,   Eng.    San.  Eng., 

July  1,  1886. 
.    A  brief  history  of  the  A  B  C process,  with  comments   on  its  application.    The 

Leeds  authorities  adopt  the  method.    Van  Nos.  Eng.  Mag.,  Vol.  VIII.,  pp.   156  and 

226. 
As  a  Fertilizer  of  Land  and  land  as  a  purifier  of  sewage.    A  paper   read  before 

the  Society  of  Arts,  by  J.  Bailey  Denton.    A  valuable  article.     Van  Nos.  Eng.  Mag., 

Vol.  VI.,  p.  184. 

Disposal.    See  Drainage. 

Farms.    Their  sanitary  and  agricultural  Importance.    By  Dr.  Holdefleiss  and  R. 

Klopsch,  from  investigations  at  Breslau.  Journal  filr  Oasbeleuchtung  u.  Wasserver- 

sorgung,  1885,  pp.  133-134. 

Filteration  of  Town.    Contains  standard  of  impurity  beyond  which  the  Royal 

Commission  think  the  waste  should  not  be  admitted  into  water-courses.     Van  Nos. 
Eng.  Mag.,  Vol.  III.,  p.  123. 

of  Leicester.    A  review  of  the  projects  submitted  to  the  authorities  since  1854, 

and  details  of  the  plan  now  about  to  be  carried  out.    The  scheme  involves  pumping 
the  sewage  162  feet  through  ly^  miles  of  pipe.    Engineer,  July  9,  1886. 

of  London.  Suggestions  for  dealing  with  the  sewage.   By  Gen.  Scott.    Van  Nos^ 

Eng.  Mag.,  Vol.  XX.,  p.  49. 

To  be  treated  with  lime,  and  the  sludge  pressed  and  transported  by  ships  of 
special  design  and  deposited  in  the  German  Ocean.  The  Engineer,  Apri\16,l)i86, 
editorial. 

.  An  abstract  from  the  report  on  the  experiments  made  in  Paris  on  the  application 

and  purittcation  of  sewage.     Van  Nos.  Eng.  Mag.,  Vol.  II.,  p.  155. 

Precipitates,  a  new  method  of  dealing  with.     By  H.  Y.  D.  f^cott.    Advocates  the 

use  of  lime  and  clay  as  a  precipitant,  and  the  conversion  of  tbe  slush  into  cement. 
Van  Nos.  Eng.  Mug..  Vol.  VII.,  p.  206. 
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Sewage  Problrm,  Solution  of.  A  review  of  the  methods  of  filtration,  irriRation  and 
destruction,  which  are  condemned.  Advocates  the  ABC  process  of  precipitation. 
Van  Nos.  Eng.  Mag.,  Vol.  Vlll.,  p.  429. 

Pumpiitg  Enginc.i  for  Buenos  Ayres.    Compound  condensing  eng^ines,  containing 

many  novel  features.     Illustrated.     The  Engineer,  April  9,  1H80. 

,  Purification  of.  Gives  results  of  the  process  at  a  number  of  places  and  con- 
demns it.     Van  A'os.  Eng.  Mag.,  Vol.  VIII.,  p.  490. 

Question.     By  C.  M.  Bazalgette,  before  the  Inst,  of  C.  E.    The  object  of  the  paper 

is  to  limit  and  define  the  proper  application  of  the  various  systems  of  8e«  age  and  to 
call  attention  to  subordinate  questions  arising  upon  the  practical   working  of  these 
systems.     Van  Nos.  Eng.  Mag.,  Vol.  XVII.,  pp.  lOG  and  213. 
The  above  article  abstracted  in  Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  :i08. 
Comments  on  the  above  paper.     Fad  Nos.  Eng.  Mag.,  Vol.  XVII.,  p.  346. 

Systems.  A  short  description  of  the  systems  used  by  a  number  of  towDS  in  Eng- 
land.    Van  Nos.  Eng.  Mag.,  Vol.  VII.,  p.  483. 

System  of  Paris.    A  short  description  of  the  system;  also  shows  its  extent.    Van 

Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  124. 

Discharge  of,  into  Tidal  Rivers.    By  H.  Law.    Gives  statistics  relating  to  London 

sewage  and  the  Thames  River.     Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  584. 

Treatment  and  Utilization  of .    Abstracted  from   a  report  made  to  the  British 


Association  by  a  commission  composed  of  prominent  engineers.  Van  Nos.  Eng. 
Mag.,  Vol.  I.,  p.  1033. 

Discussion  of  a  paper  at  the  Society  of  Arts.  Contains  particulars  relating  to  the 
new  scheme  for  the  Thames  purification.    Jour.  Soc.  Arts,  May  7,  1886. 

By  Capt.  L.  Flower.  Gives  notes  relating  to  the  sewage  of  town  on  the  River  Leei 
Eng.     Van  Nos.  Eng.  Mag.,  Vol.  XV.,  p.  76. 

By  Dr.  C.  M.  Tidy.  A  paper  before  the  Society  of  Arts.  A  general  article;  con- 
tains much  information.     Van  Nos.  Eng.  Mag.,  July,  1886. 

—  by  the  Lime  Process  Gives  results  of  its  application  ;  also  cites  a  number  of 
reports,  where  more  details  may  be  found.     Van  Nos.  Eng.  Mag.,  Vol.  IV.,  p.  .595. 

— ,  Willbrend^s  Process.  A  brief  account  of  the  modification  of  the  Phosphate  Sew- 
age Company's  scheme,  essentially  a  lime  process.  Van  Nos.  Eng.  Mag.,  Vol.  IX. 
p.  315. 

— .  A  general  article  oa  old  and  new  systems,  requirements,  capacity,  ventilation  of 
sewers  and  purification  of  sewage.  Compiled  from  various  sources.  Van  Nos, 
Eng.  Mag.,  Vol.  I.,  p.  245. 

—  Works,  The  Birmingham  and  Edmonton.  By  Thos.  Cole.  Gives  results  of  obser- 
vations made  at  these  two  works.     Van  Nos.  Eng.  Mag  ,  Vol.  XVII.,  p.  43. 

—  and  Irrigation  in  Germany  Gives  brief  accounts  of  the  works  at  Danzig  and 
Berlin.     Van  Nos.  Eng.  Mag.  Vol.  XX.,  p.  263. 

— .    By  Baldwin  Latham.     A  short  description  of  the  Croydon  Wo7-ks.     Van  No8_ 

Eng.  Mag.,  Vol.  XXI.,  p.  372. 
.    See  Pumps. 


Sewerage.    The  Boston  Drainage  System.    Very  well  described  and  illustrated  in 

Engineering,  Dec.  11,  1885.    Reprinted  in  Sc.  Am.  Snppl.,  Jan.  16,  1886. 
Works  of  Clapham,  Eng.    Sir  Jos.  Bazalgette,   Engr.      Fully  described   by  a 

hundred  or  more  cuts  in  The  Engineer,  March  12,  19  and  April  2,  1886. 
and  House  Drainage.     By  E.  S.  Philbrick,  C.  E.     \.  short  article,  illustrated,  upon 

methods  of  draining  suburban  residences.    Arch,  and  Builders'  Edition  of  Scientific 

American,  April,  1886. 
.    Influence  of  Sewerage  and   Water  Supply  on  the   Death-Rate  in  Cities.     By 

Erwin  F.  Smith.    Pp.  90.    In  proceedings  and  addresses  at  the  Sanitary  Convention 

at  Ypsilanti,  Mich.,  June,  1885.   Supplement  to  Annual  Report  of  Mich.  State  Board 

of  Health,  1885. 
,  Mechanical  Appliances  in.     By  Geo.  E.  Waring      A  lecture  before  the  Frank. 

Inst.,  wherein  the  merits  of  the  separate  system  are  duly  set  forth.    Jour.  Frank. 

Inst.,  April,  1886. 
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Sewerag'e,  Omaha.  By  Q.  W.  Tillson.  Contains  description  of  the  Waring  system  and 
its  working  at  Omaha.    Proc.  Neb.  An.ioc.  Eng.  and  Sur.,  Vol.  I. 

of  Paris.    Abstract  of  report  of  the  Drainage  Commission,  and  a  paper  on  the 

purifleation  of  the  Seine,  describing  the  irrigation  systems.  Abstr.  Inst.  Civ.  Engrs., 
Vol.  LXXXIII.,  pp.  476  and  478. 

Pavements  and  Tramways  in  Bremen.    Description,  with  illustrations.    Deutsche 

Bauzeitung,  1885,  pp.  539-31  and  553-54. 

,  Prague,  and  the  plans  proposed.     Wochenschrift  d.  Oesterr.  Ing.-  und  Arch.- 

Vereins,  188G,  pp.  137-141,  147-150,  158-161. 
,  Shreveport,  La.    Extract  from  the  specifications  for  the  sewer  system.    Eng^ 

News,  June  19,  1886. 
,  of  Stratford-on-Avon,  Eng.  The  irrigation  and  intermittent  downward  filtration 

systems  combined.    Fully  illustrated.    The  Engineer,  Jan.  1  and  15,  1886. 
.    R§sum6  of  the  work  of  a  commission  appointed  in  1882,  and  resolutions  passed 

by  said  commission,  who  report  in  favor  of  prohibiting  cess-pools,  carrying  all  bouse 

drainage  to  the  sewers  and  disposal  by  irrigation.    Annales  des  Ponts  et  Chaussees, 

Sept.,  1885,  pp.  458-476. 
Sewer  Appurtenances  and  apparatus  for  cleaning  sewers,  used  at  Boston.    Engr.  News, 

Feb.  27  and  Mar.  6.  1886. 
Capacity  for  Storm  Water.    Some  observations  made  in  Washington,  D.   C,  on 

the  rapidity  with  which  storm  water  finds  its  way  into  the  sewers.    A  self-recording 

gau;ie  of  the  height  or  water  in  the  sewer  used  in  the  experiments.  A  capacity  of 
'2  inches  rainfall  an  hour  found  to  be  none  too  large  for  well  built  up  and  paved 

sections.    An.  Rep.  Engr.  Dept.  Disir.   Columbia,  1885,  p.  16.    Maj.  G.  J.  Lydeckeri 

Eng.  Comr. 
Formutce,  Kutter''s  Formula  adapted  to  Circular  Conduits.     By  Robert  Moore 

and  Julius  Baler.    This  is  a  valuable  study,  both  of  the  laws  of  the'  maximum  flow  in 

a  circular  closed  conduit,  and  of  the  application  of  Kutter's  formula  to  such  cases. 

Two  very  valuable  tables  accompany  the  paper,  one  giving  numerical  values  of  the 

co-efacient  in  Kutter's  formula,  and  the  other  diameters  for  various  inclinations  and 

maximum  rates  of  discharge.    Illustrated.    Jour.  Assoc.  Engr.  Soc,  Vol.  V.,  p.  349. 
.    Design  and  Construction  of.    By  Graham  Smith.    A  paper  befoie  Liverpool 

Eng.  Soc.     Van  Nos.  Eng.  Mag.,  Vol.  XX.,  p.  390. 

Disinfection.    A  paper  by  Dr.  G.  W.  Wight,  giving  an  account  of  the  method 

used  in  disinfecting  the  Detroit  sewers  by  means  of  burning  sulphur,  and  also  some 
account  of  the  gross  defects  of  the  Detroit  sewer  system.  Sanitary  News,  Dec.  12, 
1885. 

Flushing.  Paventy's  Apparatus.    Illustrated.    From  the  French.    Sci.  Am.  Supl. 

March  27,  1886. 
Gas,     Penetration  of  into  Dwellings.     By  Dr.   Lissaver.     Gives  results  of  ten 

experiments  made  to  ascertain  the  conditions  under  which  sewer  gas  may  gain 

admission  to  dwellings.     Van  Nos.  Mag.,  Vol.  XXVI.,  p.  166. 

Gas.     On  the  Exclusion  of.    By  Richard  Weaver.    A  good  article.     Van  Nos.  Eng. 

Mag.,yo\.XVU.,p.  411. 

.    Abstracts  from  papers  by  Dr.  Soyka  and  Dr.  Rozsahegyi  on  sewer  gas  as  a  facto 

in  the  spread  of  epidemic  diseases.    Van  Nos.  Eng.  Mag.,  Vol.  XXVII.,  p.  423. 
.    A  System  of  House  Drainage.    By  Osborne  Reynolds.     Illustrated.     Van  Aos_ 

Mig.  Mag.,  Vol.  VII.,  p.  102. 
.     The  Manahunk  Intercepting  Sewer  of  Philadelphia.    Four  teet  in  diameter  and 

seven  miles  long,  designed  to  intercept  sewage  discharge  into  the  Schuylkill  River 

above  the  dam.    Fully  illustrated.    Eng.  Era,  Nov.  19,  1885. 

Pipe.    See  Cement. 

Built  by  tunneling  in  sandy  soil  under  buildings  in  Brooklyn.    A  new  method 

used  by  Mr.  John  Anderson,  somewhat  on   the   plan  of  the  Hudson  River  tunnel, 

Illustrated.    Engr.  Neu\%  May  1,  1886. 
System  of  Schenectady,  N.  Y.    Brief  general  description,   with  one  illustration. 

Sanitary  Eng.,  April  22,  1886. 
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Sewer,  ConsirucTion  of,  in  Running  fiitnd.  By  S.  M.  Reade.  Describes  the  methods 
used  m  some  portions  of  Kngland  ;  also  proposes  a  system  with  drain  for  subsoil 
water  in  the  invert  of  the  sewer.     Van  Nos.  Kmj.  Mug.,  Vol  JV.,  p.  86. 

,  Size  <ind  Jncliniition  of.  By  A.  E.  White.  Contains  tables  to  facilitate  calcu- 
lation of  sewers.     Van  Nos    Eng.  Mag.,  Dec.  1884. 

,  Ventilation  of.    Abstract  from   a  report  prepared   by  Sir.  J.  Bazal(?ette  on  the 

sewerage  of  Brighton,  with  discussion.     Van  Nos.   Eng.   Mag.,  Vol  XXVIT.,  p.  409- 

• ,  Vi  lit  nation  of .    By  J.  0.  Winton.    Advocates  the  use  of  the  suction  fan.     Van 

Nos.  Eng.  Mag.,  Vol.  XXI.,  p.  400. 

Description  of  a  method  successful^'  applied  in  England.    Engr.  News,  Jan.  .30. 
1886. 

Specifications  for  Washington  City.     An.   Rep.   Engr.  Dept.   Distr.    Columbia, 

188.-).  p.  76. 

Sewering.  Rules  and  Regulations  adopted  by  the  City  of  Providence.  Eng.  Neios, 
May  1.  ISSG. 

Shaft-Sinking:  through  Quicksand  or  Soft  Soils.  Poetsch's  method  with  freezing 
mixtures  iu  pipes.  Illustrated.  From  Annates  des  Mines  in  Sc.  Ain.  Snppl.,  April 
IT,  1S8G. 

S  hafts  in  Watery,  Running  Ground.  Describes  the  method  invented  by  Herr  Poetsch, 
which  consists  of  freezing  ihp  ground  before  excavation  of  the  material.  Van 
Nos.  Eng.  Mag.,  Vol.  XXIX.,  p.  494 

Shafting:  and  its  Bearings.  The  difficulties  of  the  problem  and  the  common  failings' 
with  sujrgestions.     The  Engineer,  Oct.  6,  1885. 

Ship-Railway.  The  Tchuantepec,  considered  commercially,  politically,  and  construct- 
ively. Bv  E.  L.  Corthell,  Chf.  Engr.  A  more  complete  presentation  of  the  case 
Chan  any  heretofore  published.  A  pampblefof  80  pp.  and  seven  plates.  Address 
the  author,  care  Secy.  Am.  Soc.  Civ.  Engrs.,  127  E.  23d  St.,  New  York. 

Shoals  Removed  by  Propeller  Sluicing.  On  account  of  sand-bar  removal  on  the 
Columbia  River,  Oregon,  by  means  of  a  screw  propeller,  commercially  successful 
Trans.  Inst.  Civ.  Engrs.,  Vol  LXXXIII.,  p.  .'JSe. 

Sig:nals.  By  Wm.  H.  Decbaut.  A  practical  test  of  operating  a  distant  signal  by  a  wire 
run  through  a  pipe  filled  with  air     Proc.  Phil.  Engr.  Club,  April,  1886. 

.    See  Interlocking  and  Railroad. 

Silt  Movement  by  the  Mississippi,  its  volume,  cause  and  condition.  By  R.  E.  McMath. 
The  results  of  a  series  of  observations  made  at  St.  Louis  in  1879.  Van  Nos.  Engr. 
Mag.,  yo\.  XXVIII.,  p.  32. 

Slag' Cement .  Blast-furnace  slag  and  slag  cement,  and  its  value  as  compared  with 
Portland  cement.  By  Dr.  Lehmann.  A  short  account  and  discussion  of  some  ex- 
periments on  so-called  slag  cement,  which  show  that  Portland  cement  is  not  only 
better  in  every  respect,  but  also  cheaper.      Deutsche  Bauze it ung,   1886,  pp.  14-19, 

Slide  Rules.  By  H.  Vischer.  A  discussion  of  the  principles  of  construction,  use,  and 
accuracy  of  the  logarithmic  slide  rule.  Illustrated.  Trans.  Tech.  Soc.  Pac.  Coast, 
Vol.  II.,  p.  272  (Dec.  188.5). 

A  plea  for  their  general  use  and  a  description  of  several  forms.    ByC.  V.  Boys. 
Van  Nos.  Engr.  Mag.,  Dec,  1885. 

Sluices,  ^it/onu/h'c,  for  either  coBstant  level  or  constant  delivery.  Some  very  useful 
appliances  for  automatic  control  of  irrigation,  canals  or  mill  races.  Illustrated. 
From  the  French,  in  Engr.  News,  March  13,  1886. 

Smoke  Prevention,  Steam  Boiler  Furnaces  for.  By  J.  W.  Hill.  Description  of  the 
furnaces  and  details  of  test  made  at  the  Cmcinnati  Industrial  Exhibition  by  the 
Committee  on  Smoke  Prevention.     Van  Nos.  Eng.  Mag.,  Vol.  XXII.,  p.  62. 

Report  on  the  adaptation  of  the  Williams  Furnace  to  one  of  the  boilers  of  the 
heating  plant  of  Washington  University,  St.  Louis.  Of  value  as  showing  the  effl 
ciency  is  maintained,  but  that  there  is  a  serious  loss  in  the  extreme  capacity,  result- 
ing from  the  introduction  of  either  hot  or  cold  air  above  the  Are.  Jour.  Assoc.  Eng. 
Soc,  Vol.  v.,  p.  301. 


528  ASSOCIATION  OF  ENGHNEERING  SOCIETIES. 

Snow  Tunnel  for  Railroads.  A  proposed  form,  being  a  full  circle  arch  of  timbers, 
laid  loDgitiidinally,  supported  by  outer  timber  cribwork.  A  snow  slide  will  increase 
its  stability.    Illustrated.    Engr.  News,  Sept.  4,  1886. 

Solar  Azimuth,  b/j  Transit  Attachment.  Results  of  two  days'  observations  with  a 
Fauth  attachment  on  a  Buflf^&  Berger  Transit.  By  J.  B.  Johnson.  Includes  tables.f or 
correcting  observations  for  erroneous  setting  of  either  the  latitude  or  declination, 
and  also  for  correcting  the  declination  ^or  refraction.  Jour.  Assoc.  Ung.  Soc,  Vol_ 
v.,  p.  35. 

Sounding's  in  Pipes  by  Metallic  Potassium.  The  de'pth  determined  by  the  explosion 
of  the  potassium  at  the  end  of  a  tape  line  when  it  touched  the  water.  An  accurate 
method  used  at  Boston.  Engr.  News.,  Sept.  12,  1885.  Also  Abstr.  Inst.  Civ. 
En/jrs..  Vol.  LXXXIII,,  p.  484. 

Speed  Indicator  for  showing  and  recording  the  speed  of  the  shaft  of  a  screw  pro- 
peller. Awarded  a  gold  medal  at  the  Inventions  Exhibition,  London.  Illustrated. 
The  Engineer,  Nov.  20,  1885. 

Spherical  Projection.  Special  solutions  in  stereographic projections.  By  L.  H.  Ber- 
nard.    Proc.  Phil.  Engrs.'  Club,  Vol.  V.,  p.  108. 

Spontaneous  Combustion  in  Factories  and  Shops.  By  C.  W.  Vincent.  Van  Nos. 
Eng.  May.,  Vol.  XVII.,  d.  515. 

Spring's.  By  A.  De  Bonneville,  Jr.  Treats  of  the  materials,  forms,  sizes,  uses  and 
manufacture  of  springs  in  general ;  the  helical  spring  in  particular  and  in  detail,  in 
connection  with  rubber  springs.  Also  gives  methods  and  results  of  tests.  Van  Nos. 
Eng.  Mag.,  Vol.  XVIII.,  pp.  391  and  519. 

,  Helical.    An  investigation  into  the  principles  of  their  design.     ByJ.W  Cloud. 

Trans.  Am.  Soc.  Mech.  Engr.,  Vol.  V.,  p.  173. 

,  Spiral.  Formulas  for,  in  compression  or  tension.  By  Oberlin  Smith.   Trans.  Am. 

Soc.  Am.  Mech.  Engrs.,  Vol.  IV  ,  p.  335. 

Stadia  Diagram  for  reducing  distances  and  elevations  in  stadia  measurements.  The 
result  obtained  by  one  reading  of  the  diagram.    School  of  Mines  Quar.,  July,  1886. 

Measurements.     The  Theory  of.    By  Aubur  Winslow.    Treats  of  th'B  theory  and 

practice  of  stadia  surveying;  gives  tables  of  horizontal  distances  and  differences  of 
level  for  the  reduction  of  field  ooservations.  The  formulae  and  tables  are  such  as 
are  used  on  the  geological  survey  of  Pennsylvania.  Van  Nos.  Eng.  Mag.,  Vol. 
XXX.,  p,  313;  also.  Van  Nos.  Science  Series,  No.  77. 

or  Level  Rods,  Designs  for.    The  numerals  are  so  constructed  as  to  themselves 

form  appropriate  diagrams  from  which  tenths  (or  hundredths)  can  be  read.  Very 
ingenious,  and  doubtless  satisfactory  on  short  sights.  By  Benj.  S  Lyman,  in 
Engr.  and  Min.  Jour.,  Jan  30,  and  R.  R.  Gazette,  Feb.  12,  1886. 

By  G.  A.  M.  Liljencrantz.    Jour.  Assoc.  Engr.  Soc,  Vol.  V.,  p.  360. 

.    See  Survey. 

Stand-Pipes.  By  J.  T.Ward.  Gives  method  of  computing  thickness  of  metal,  etc. ; 
also  some  general  hints  on  the  construction.    Eng.  Aews,  July  24,  1886. 

Steamboat  Shaft,  Improved,  by  the  insertion  of  a  universal  joint  to  allow  for  erroneous 
alignment.  The  Engineer,  Oat.  2  and  Nov.  6,  1885,  and  Sc.  Am.  Suppl.,  Nov.  21, 
1885. 

Steam  Boilers  with  Hot  Blast  apparatus.  'Probably  the  most  careful,  elaborate  and 
valuable  series  of  boiler  trials  on  record,  being  a  nine  weeks'  test  of  the  Marland 
Warm  Blast  Apparatus  at  the  Pacific  Mills,  Lawrence,  Mass.,  by  J.  C.  Hoadley.  in 
1881.  The  heat  of  the  escaping  gases  returned  to  the  furnace  and  the  draught 
created  by  a  blower  in  the  flue.  From  10  to  20  per  cent,  of  the  heat  saved,  but 
Angularly  enough  the  cost  of  operating  the  blower  was  not  found.  Tables,  dia- 
grams, apparatus  used,  etc.,  fully  stated,  the  report  occupying  177  pp.  in  Trans. 
.    Am.  Soc.  Mech.  Engrs.,  1884,  p.  676. 

Carriages.    Full  descinption  of  the  Rowan  steam  carriage,  which  was  awarded  a 

gold  medal  at  the  Antwerp  tramway  trial.  Various  forms  of  carriage  and  motor, 
their  capacity  and  fuel  consumption.    Sci.  Amer.  Supplement,  May  15,  1886. 

Condensation  in  Pipes.    Results  of  some  2,000  experiments  in   France.     Mean 

results  plotted  for  different  steam  pressures.    Mech.  Engr.,  Nov.  28,  1885. 
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Steam  Engine  and  Boiler.  A  very  clear  and  elementary  statement  of  the  scientific, 
principles  involved  in  tlie  steam  engine.  By  A.  R.  Wolff,  M.  E.  A  series  of  articles 
J-:n<jr.  AVips,  Feb.  20,  1886,  et  seq. 

Steam-lEngine  Ctth-^dations,  Simple  FormulaM  for.  By  Prof.  W.  C.  Unwin.  Some 
of  the  moat  important  ttieoretical  an  J  empirical  formulas  brouRht  together,  and 
tables  iriven  to  assist  in  evaluating  them.  IVic  Eiiginacr,  Apti\  9,  1886.  Also  .4m. 
Engr.,  May  6,  1886. 

,  Most  Economical  Point  of  Cut-off  in.    By  Alfred  R.  Wolff.    A  paper  which, 

with  the  discussion,  occupies  65  pp.  in  Trans.  Am.  Soc.  Mcch.  Engrs,,  Vol.  II.,  p. 
147  and  281.    Graphical  and  analytical  solutions  given. 

Economy.    A    Uniform  Baxis  for  Comparison.    By  C.   E.  Emery.    The  basis 

advocated  is  that  the  boiler  is  capable  of  absorbing  10,000  heat-units  per  pound  of 
coal  consumed.     Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  42. 

Indicator  Diagrams.    Two  very  exhaustive  papers  by  Osborne  Reynolds  and   A. 

W.  Brightmore,  which,  with  the  discussion,  covers  over  100  pp.  The  errors  to  which 
these  diagrams  are  subject  fully  investigated.  Trans.  Inst.  Civ.  Engrs.,  Vol. 
LXXXin.,p.  I. 

Performance.  ByJ.  W.Hill.  The  advantages  of  high  expansion,  steam-jacket- 
ing and  compounding  discussed,  together  witli  their  limiting  conditions.  Fo/i  Nos. 
Eng.  Mag.,  Feb..  1886. 

,  Obscure  Influence  of  Reciprocation  in  High  Speed.    By  Arthur  Rigg,  before  the 

Soc.  of  Eniirs.  Gives  tables  of  proportions  of  reciprocating  parts  and  numerous  mo- 
mentum diagrams.    Engineer,  June  4,  1886. 

.     The  Effect  of  the  Inertia  of  the  Beciprocating  Parts  in  Modit^ingthe  Force 

Transmitted  to  the  Crank  Pin.  A  graduation  thesis,  by  Francis  E.  Jackson,  M.  E., 
communicated  by  Prof.  De  Volsen  Wood.  A  highly  mathematical  paper,  with 
graphical  interpretations  given.    Jour.  Frank.  Inst,,  September.  1886. 

.    Modem  Practice  i)t.  Slide  Valves.    A  paper  before  the  Cleveland  (Eng.)  Inst,  of 

Engrs.    Illustrated.     The  Engineer,  Feb.  5,  1886. 

Experiments  on  the  Steam  Jacketing  and  Compounding  of  Locomotives  in  Rus- 
sia. A  paper  read  by  Alex.  Borodine,  of  Russia,  before  the  Inst,  of  Mech. 
Engrs.,  London,  1886.  This  is  a  series  of  very  careful  and  important  experiments? 
carried  out  in  a  most  thorough  and  scientific  manner,  Mr.  Him  having  been  con- 
sulted in  regard  to  them.    Am.  Engr.,  Sept.  8,  1886,  et  seq. 

Underground  at  the  Beznet  Colliery.  Results  of  tests,  and  the  conditions  favor- 
able to  putting  the  enginesunder  ground.  From  the  French.  Abstr.  Inst.  Civ.  Engrs., 
Vol.  LXXXIII.,  p.  521. 

Steam  Expansion.      The  Proper  Method  and  Regulation  of  the  Engine.      By  Prof. 

Thurston.    Advocates  governing  the  engine  by  throttlmg  the  exhaust  instead  of  the 

steam  supply  or  changing  the  point  of  cut-off.      Trans.  Am.  Soc.  Mech.  Engrs.,  Vol. 

U.,  p   338. 
,  Ratio  of  for  Maximum  Efficiency.  A  paper  by  Prof .  Thurston.    Trans.  Am.  1  oc. 

M(ch  Engr.^..  Vol.  II.. p.  128. 
Steam  by  Friction,  for  obtaining  fresh  water  in  shipwrecked  boats  at  sea.  Apparatus 

described  and  illustrated.    Sc.  Am.  Suppl.,  Sept.  11, 1886. 
Steam  Heating.     By  Robert  Briggs.    A  practical  treatise  on  the  American  practice  of 

warming  bu  Iding  by  steam,  with  the  mechanical  details  illustrated.   Van  Nos.  Eng, 

Mag.,  Vol.  XXVIII..  p.  375,  etc.;  also    Van  Nos.  Science  Series,   No.  68. 

and  Fitting.  A  series  of  articles  by  "  Thermus"  in  the  Sanitary  Engr.,  Vols.  XH 

and  XIII,  1885. 

.    A  discussion  of  value  in  l^ans.  Am.  Soc.  Mech.  Eng.,  Vol.  VI.,  p.  857. 

for  Private   Dwellings.     The  indirect  system  recommended.     By  Alfred  R. 

Wolff,  M.  E.,  who  describes  in  general  what  may  now  be  done  in  this  direction. 
Building,  April  10,  1886. 

Buildings  from  a  Central  Source.    A  paper  read  before  the  British  Association, 

1884.  by  Jas.  H  Bartlett.  and  printed  separately  by  J.  Lo veil  &  Son,  Montreal. 
Gives  much  practical  information,  with  tabulated  list  of  American  systems  in  oper- 
ation, with  particulars  as  to  the  same  ;  21  pp.    Illustrated. 
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Steam  Heating'  Pipes,  Sizes  of.  By  Alfred  K.  Wolff.  Discusses  the  Towne-Briggs  and 
the  Babcock  rules,  and  takes  the  mean  of  the  two.    Building,  March  13,  1886. 

for  Towns  and  Villages.    By  D.  Qalton.    A  description  of  the  combination  sys - 

tern.    Van  ^'os.  Eng.  Mag.,  Vol.  XXVI.,  p.  298. 

Steam  Injectors.  Frora  the  French  of  M.  Sean  Pochet.  Gives  mathematical  invest! 
gatioD  of  the  injVctor  and  its  application  Co  pumps,  presses,  e  c.  Van  Nos.  Eng. 
Mag..  Vol.  XVI.,  pp.  209  and  341;  also  Van  Nos.  Set.  Series,  No.  29. 

Steam  Pipes.  "  Water-hammer"  in.  By  Prof.  Thuniton.  The  cause  and  effects  ex 
plained.     Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  IV.,  p.  404. 

,    Non-Conducting  Covering  for .  The  methods  and  results  of  a  very  t  laborate  in 

vestigation  into  the  relative  and  absolute  values  of  such  coverings.  Fully  illus- 
trated. By.  Prof.  J.  M.  Ordway.  Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  V.,  p.  73,  212, 
and  Vol.  VI.,  p.  168. 

Steam  Power,  The  Cost  of,  in  America.  By  Chas.  E.  Emery.  A  schedule  given  show- 
ing cost  of  such  power  on  certain  assumptions  true  for  New  England  in  1874.  Very 
valuable  in  making  estimates.    Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XII.  (1883),  p  425. 

,  Economy  of.     By  John  W.  Hill.     Aresum6  of  testsmade  at  the  National  Rubber 

Works,  Bristol,  R.  I.,  with  a  view  to  improving  the  steam  plant.  Van  Nos.  Eng. 
Mag.,  Feb.,  1884. 

Steam,  The  Quality  of.  By  John  W.  Hill.  A  paper  read  before  the  Am.  Railway  M. 
M.  Assoc,  Providence,  June,  1881.  Treats  of  entrained  water.  Van  Nos.  Eng.  Mag., 
Vol.  XXV.,  pp.  139. 

,  Substitutes  tor.    By  G.H.  Babcock.     Gives  brief  history  of  the  working  of 

engines,  with  their  advantages  and  disadvantages,  using  other  fluids  than  steam. 
R.  R.  Revieiv,  June.  5,  1886. 

,  Transmission  of.    A  lecture  by  Chas.  E.  Emery  before  the  students  at  Cornell 

University.    Sci.  Amer.  Sup.,  May  29,  1886. 

Steamship.  On  the  Raising  of  the  "  Peer  of  the  Realm.''''  A  steamship  of  1,813  tons 
register,  300  feet  long,  laden  with  2,800  tons  of  coal  successfully  raised.  Engineer- 
ing, May  2\,  1884. 

,  The  Designing  of.    By  H.  C.  Plassons.    A  very  good  paper.    Illustrated.     Proc. 

Mech.  Eng.  Soc,  1884. 

Steel.  By  J.  Kiley.  A  paper  before  the  Naval  and  Marine  Exhibition  at  Glasgow. 
Describes  the  different  processes  of  manufacturing  steel.  Van  Nos.  Eng.  Mag., 
Vol.  XXV.,  p.  20. 

Castings.    By  E.  C.  Warren.    On  the  use  of  steel  castings  in  lieu  of  iron  forgings 

and  brass  casting  in  building  and  fitting  ships.    Sci.  Am.  Suppl.,  July  10,  1886. 

Castings,    On  the   Use  of  in   Building  and  Fittiwj  Ships.    By  E.  C.  Warren, 

before  the  Institute  of  Naval  Architects.  Gives  the  result  of  a  large  number  of 
tests  made  on  the  smaller  fittings  of  a  vessel.    Engineer,  May  14  and  21,  1886. 

Castings,  The  Present  Value  of.  The  results  of  numerous  experiments  on  prod- 
ucts from  all  the  steel-casting  manufacturers  in  America.  By  Arthur  V.  Abbott. 
Trans.  Am.  Inst.  Min.  Engrs.,  1885. 

CUipp-Grifflths  Process.     Cuts  showing  converters  in  action,  and  also  sectiona 

views,  accompanied  by  detailed  description.    Sc,  Amer.,  March  27,  1886. 

,    Condition  in  which  Carbon  Exists  in.     Results  of   two  series  of  experiments 

made  for  the  Committee  on  Steel  of  the  Inst,  of  Mech.  Engrs.  Van  Nos.  Eng.  Mag., 
March,  1884. 

in  Construction,  Russian  Rules  for  Use  of,  &Aoi)teA  in  1^9,5.    Abstrs.Inst.  Civ. 

Engrs.,  Vol.  LXXXV.,  p.  420. 

Eye-Bars.  Tensile  Strength  of  Full-sized  Members,  tested  by  the  Watertown  ma- 
chine, for  the  Keystone  Bridge  Co.,  together  with  some  notes  on  steel  in  construc- 
tion.   By  Gus.  C.  Henniog.     Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  IV.,  p.  410. 

Ingots,  De/ccfs  i«,  due  to  physical  and  chemical  causes,  and  precautions  to  be 

observed  to  avoid  defects  resulting  from  tbe  heating  of  the  steel.  From  the  German. 
Illustrated.     Vayi  Nos.  Eng.  Mag.,  November,  1885. 

Structure  of  Ingots.    By  D.   K.  Tchernoff.     Illustrated.    Van  Nos.  Eng.  Mag., 

Vol.  XXni.,  p.  123. 
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Steel.  Recent  Impiovemenls  in  its  Manufacture.  By  P.  O.  Salone,  before  Franklin 
Institute,  with  especial  reference  to  the  Clapp-CrifHtlis,  the  Davy,  the  Gordon  and 
the  Avesta  processes.  All  these  beinK  modifications  of  the  Bessemer  process.  Full.v 
ilhi.itrated,  showiiip  typical  plants.    Jour.  Frank.  Inst.,  November,  1885. 

,    Mild,  for  Ship  linilding.    A  brief  review  of  the  progress  of   mild  steel,  and  the 

result  of  eijrlit  years'  experience  in  its  use  for  ship-buildin;;  purposes,  before  the 
Inst.  Naval  Architects.    EiKjineering,  April  'S.i,  1880. 

,    Endurance  of  Mild,  a,t\il   iron  when   exposed  to  corrosive  influence.    By  David 

Phillips.  Gives  results  of  a  number  of  experiments  with  different  kinds  of  steel  and 
iron,  nearly  all  of  which  Rave  a  result  in  favor  of  iron.  Van  Nos.  Eng.  Mag., 
February  and  March,  1884. 

.    Peculiar  Phenomena  in  the //caiiugi  o/  Open-Henrth   and  Bessemer.    A  paper 

read  before  the  Pittshurgi.  Meeting  of  the  American  Institute  of  Mining  Engineers. 
Eng.  and  Mining  Jiiur.,  May  15,  1886. 

.  Physical  Condition  ot  iron  and  steel.    By  D.  E.  Hughes.    A  paper  read  before 

the  Inst,  of  Mech.  Engrs.     Vaii  Nos.  Eng.  Mag.,   March,  1884. 

Rail  Discussion.    By  F.  H.  Lewis.    Proc.  Phil.  Eng.  Club,  April,  1886. 

Rails,  Endurance  of.    Gives  the  result  of  19  years' experience  of  the  London  & 

Northwestern  railway  with  iron  and  steel  rails.     Van  Nos.  Eng.  Mag.,  July,  1886. 

,  Strength  of.   Increased  by  Cold.    Six  experiments  in  Bussia,  showing  an  increase 

in  strength  and  elongation  from  +6.'?''  lo  —2°  F.  of  about  six  and  ten  per  cent,  respec- 
tively.     Abstr.  Inat.  Civ.  Engr.,  Vol.  LXXXIII.,  p.  513. 

for  Strnctures.    By  Ewing  Matheson.    A  paper  before   the  Institution  of  Civil 

Engineers,  advocating  the  U'ie  of  steel  for  structural  purposes.  Van  Nos.  Eng. 
Mag.,  Vol.  XXVni.,  p.  307. 

,  Tests  of.  By  A.  L.  Halley.  Points  out  why  mechanical  tests  of  steel,  as  ordin- 
arily made,  are  not,  alone,  of  any  special  value  to  enjiineers.  Van  Nos.  Eng.  Mag., 
Vol.  XIII.,  p.  229. 

,  Hoio  Shall  We  Test  It  ?  By  F.  Collingwood.  The  requirements  to  use  in  specifi- 
cations, and  methods  of  testing  structural  steel.  A  short  article  giving  the  most  re- 
cent practice.    Engr.  News,  Jan.  16,  1886. 

.    The  Thomas-Cfilchrist  or   Basic  Bessemer  Process  as  practiced   in   Germany, 

France,  and  Belgium,  using  Spanish  ores.  A  careful  description  of  ingredients,  ap- 
paratus and  meihofis.     From  the  German.     Van  Nos.  Eng.  ^fng.,  Dec,  1885. 

Wire  of  High  Tenacity.    By  Dr.  Percy,  before  the  Iron  and  Steel  Institute.    Gives 

results  of  tests  and  chemical  composition  of  specimens  of  steel  wire  having  a  break- 
ing strength  of  about  150,00(1  lbs.    Engineering,  July  23,  1886. 

.    See  Cast-Steel  and  Mild  Steel. 

Steering:  Gear,  a  Neio  System  of,  and  the  Rudder  Strains  recorded  by  it.  A  paper  be- 
fore the  Inst,  of  Naval  Archts.     Illustrated.    Engineering,  April  30,  1886. 

Stones,  Decay  in  Building.  By  C.  P.  Townsley.  Gives  results  of  large  number  of 
experiments  with  building  stone  to  find  the  effects  of  frost.  Van  Nos.  Eng.  Mag., 
Vol.  XIV.,  p.  537. 

,  Building.    The  Resistance  of  Building  Materials  to  Frost.    A  very  efficient, 

simple,  and  cheap  manner  of  testing'by  means  of  artificial  freezing  and  thawing 
when  saturated  with  water.  Results  of  German  experiments.  Van  Nos.  Engr.  Mag. , 
Jan.,  1886. 

.    .S7re>i3</i  o/so7He  fiuiZdi/ify  S^ojies  in  the  vicinity  of  Cleveland,  O.     By  Prof.  J. 

Eisenmann.  trushing  and  cross-breaking  strength,  and  chemical  analysis  of  stones 
from  Newburgh,  Berea,  Medina,  Twinsburgh  and  Amherst.  Tabulated  results  given. 
Jour.  Assoc.  Engr.  Soc,  Vol.  V.,  p.  176. 

Stone-Lewis.  Two  automatic  acting  devices  used  on  the  Amsterdam  canal  lucks. 
Engr.  News,  Jan.  23,  1886. 

Stoves.  Design  and  Construction  of  Cook's  Stoves.  By  J.  L.  Gobielle.  A  description 
of  some  of  the  theoretical  and  mechanical  problems  involved.  Illustrated.  Jour. 
Assoc.  Engr.  Soc,  Vol.  V.,  p.  204. 
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Strain  Indicator /or  use  at  Sea.  An  instrument  for  determining  the  strains  in  vari- 
ous parts  of  a  ship  or  other  structure.  By  C.  E.  Stromeyer.  Before  the  Inst.  Nav. 
Archts.    Illustrated.    Engineering,  April  30, 1886. 

Street-Car  Propulsion,  Horse-power  used  in.  By  Aug.  W.  Wright.  An  attempt  to 
determine  the  power  actually  consumed  on  street-car  propulsion,  both  for  starling 
and  for  maintaining  uniform  motion.  Experimental  data  on  Chicago  car  lines  used 
in  the  discussion.  An  important  contribution  on  a  subject  on  which  exact  informa- 
tion is  very  meagre.    Jour.  Assoc.  Eng  Soc,  Vol.  V.,  p.  88. 

Street  Cars,  Spring  propulsion  for.  By  E.  H  Leveaux.  Give  details  of  a  scheme  for 
the  use  of  springs  for  motive  power.    Van  Nos.  Eng.  Mag.,  Vol.  XV.,  p.  20. 

Street  Improvement  in  Omaha.  By  A.  J.  Grover.  Gives  a  short  history  and  cost  of 
the  improvements  at  Omaha.    Proc.  Neb.  Assoc.  Eng.  and  Sur.,  Vol.  I. 

Street  Pavements.  Specifications  (or  Granite  Block,  Asphalt,  Asphalt  Block  and 
Macadam  pavements  in  Washington,  D.  C.  Am.  Eep.  Engr.  Dept.  Distr.  Columbia, 
1885,  p.  69. 

.    Relative  value  of  asphalt  and  stone,  as  determined  by  number  of  falls  in  Fire 

Department  of  Berlin  for  four  years.  From  the  German.  Engr.  iVeirs,  March  13, 
1886. 

,  A  new  material  for,  called '■'■  Ceramite,''''  shown  at  the  recent  Hungarian  Exhi- 
bition at  Buda-Pesth.  Has  been  in  use  for  five  years.  It  is  a  kind  of  artificial  stone, 
burned,  and  harder  and  stronger  than  granite.  Composition  not  given.  From  the 
French,  in  Engr.  News.  March  20,  1886. 

.    Specifications  for  granite  and  asphaltum  pavements  in  Washington,  D.  C .  Engr . 

News,  Sept.  4  and  11,  1886. 

and  Tramways  in  Liverpool.    Both  laid  on  a  common  bed  of  concrete,  all  the 

work  being  done  by  the  city,  which  owns  the  car  lines  and  leases  them  to  the  operat 
ing  companies.  A  series  of  illustrated  articles  in  the  San.  Engr.,  Sept.  16,  1886, 
etseq. 

Street  Railroads  in  England.  Translation  of  a  report  upon  by  the  Chief  Engineer  of 
Public  Ways,  Paris,  with  especial  reference  to  styles  of  rails  and  supports.  Illus- 
trated.   Engr.  Neivs,  Jan.- 16,  1886. 

.  The  Providence,  R.  I.,  Girder  Rail,  which  rests  on  a  cement  foundation.  Illus- 
trated.   Engr.  News,  July  31.  1886. 

— ' — .    See  Cable  ;  also  Electric  Tramways. 

Street-Sweeping  Machine  which  elevates  the  sweepings  into  a  cart.  Described  and 
illustrated.    NoC  patented.    Engineering,  Oct.  2,  1885. 

Used  in  Providence,  R.  I.    Described  and  illustrated  in  Engr.  Netvs,  July  31, 

1886. 

Street  TTa,f&.c,  Results  of  Some  Observations  on,  &fi  to  tonnage  and  falls,  for  granite, 
wood  and  asphalt  pavements.  Observations  made  in  ten  cities  in  the  United  States, 
under  the  direction  of  Capt.  F.  V.  Greene.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XV., 
p.  123. 

Strength,  and  Elasticity  of  Material.  By  Wm.  J.  Millar.  Describes  some  experiments 
upon  the  strength  and  elasticity  of  iron.     Van  Nos.  Eng.  Jlfag  ,  Vol.  XXII.,  p.  203. 

.    By  S.  W.  Robmson.    Treats  of  the  general  theory  of  the  beam  and  strength  of 

wrought-iron  bridge  members,  with  practical  formulae  for  beams,  streets,  columns, 
etc.  Gives  extended  comparisons  of  formulae  with  expermients.  Van  Nos.  Eng. 
Mag.,  Vol.  XXVI  ,  pp.  409  and  487.    Also  p.  60  of  Science  Series. 

.     On  the  Calculations  of  Dimensions  as  Depending  on  the  Ultimate  Worhing. 

By  Dr.  Weyrauch.  Treats  of  Wohler's  law,  Launhardt's  and  Weyrauch's  formulae, 
etc.     Van  Nos.  Eng.  Mag.,  Vol.  XXIV.,  p.  325. 

.    By  Wm.  Kent.    Gives  in  a  very  clear  manner  the  present  state  of  our  knowledge 

on  the  strength  of  engineering  material.  Urges  the  importance  of  better  tests. 
Va7i  Nos.  Eng.  Mag.,  Vol.  XX.,  pp.  39  and  129.    Also  Science  Series  No.  41. 

.    By  3.  W.  Robinson.    A  discussion  of  beams  of  uniform  resistance,  the  beam 

forming  part  of  the  loading.    Van  Nos.  Engr.  Mag.,  Vol.  XVI.,  p.  399. 
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.  A  paper  from  the  Cierman  of  Ludwig  SpangherR,  giving  details  of  the  experi- 
ment made  to  asciTtain  the  behavior  of  metals  Hnder  repeated  strains.  Describes 
tke  apparatus  and  gives  tables  of  tests.  Van  Nos.  Kug.  Mag.,  Vol.  XV.,  p.  449  to 
r.4H. 

Sub-Aqueous  Underpinniner.  By  A.  O.  Menocal.  Describes  the  underpintiiDg  of  a 
granite  quay  wall  where  bearing  piles  had  been  destroyed  by  the  teredo.  Ezca- 
vated  in  six-foot  sections  and  concrete  used  in  sacks.  Trans.  Am.  Soc.  Civ.  Engrs., 
Vol.  XI.  <\SH-2k  p.   181. 

Submersed  Weirs,  Flotv  of  Water  Over.  Discussion  of  existing  formulas  by  Edw. 
Sawyer.  Calls  attention  to  some  errors  of  M.  Alfred  Salle-i.  Van  Noa.  Engr.  Mag., 
March.  1880. 

Sub-Scales.  Including  Verniers.  By  H.  H.  Ludlow.  The  theory  of  all  Vernier 
irifO-surements  is  concisely  stated  and  the  best  ones  described  and  illustrated.  Van 
Nos.  Eng.  Mag.,  Vol.  XXVII.,  p.  303. 

Suez  Canal.  Resume  of  the  report  of  the  Internatiooal  Commission  (of  1884)  on  the 
Suez  Canal.  By  M.  Flamant.  Annates  des  Fonts  et  Chaussies,  October,  1885,  pp. 
744 -762. 

Surveys,  Government  of  Canada.  A  series  of  interesting  articles,  giving  in  the  main 
the  personal  reminiscences  of  a  surveyor,  but  including  a  careful  description  of  the 
methods  used.     Ludicrously  illustrated.    Engr.  News,  July  10,  1886,  et  seq. 

of  the  Coast.  By  Lt.  Geo.  L.  Dyer,  U.  S.  N.  This  is  a  42-page  review  of  the  his- 
tory of  the  survey  of  the  present  contest  between  the  Treasury  and  Navy  Depart- 
ments for  its  control,  as  viewed  by  a  naval  officer  of  Hydrographic  Office  Very  full 
extracts  are  given  from  the  testimony  before  the  Congressional  committee  on  the 
subject.    JProc.  U.  S.  Naval  Inst.,  Vol.  XII.  (1886),  p.  199. 

of  India.    An  historical  and  descriptive  account  by  Gen.  J.  T.  Walker.     Van  Noa. 

Eng.  Mag  ,  January,  1886. 

3y  F.  C.  Danvers.  Gives  history  of  the  trigonometrical  survey,  with  short  account 
©f  its  methods.     Van  Nos.  Eng.  Mag.,  Vol.  XVII.,  p.  547. 

By  Gen.  J.  T.  Walker,  before  the  British  Assoc,  for  Adv.  Sc,  1885.  A  very- 
minute  and  satisfactory  account  of  this  great  work.  Engr.  News,  Sept.  4, 1886, 
et  seq. 

.  On  the  Increasing  Accuracy  of  a  System  of  Magnetic  Bearings.  By  O.  H. 
Landreth  Gives  method  of  assigning  magnetic  bearing  to  a  survey  in  which  the 
horizontal  angles  have  been  measured  with  transit.  Trans.  Am.  Soc.  Civ.  Engrs., 
May,  1886. 

Topographic,  for  States.    By  H.  F.  Walling.    A  13-page  article  in  which  are  in- 

tf-lligently  discussed  the  methods  of  making  State  topographical  surveys,  with 
contours  of  "  isohupes,"  as  the  author  calls  them.  Jour.  Assoc.  Engr.  Socs.,  Vol.  V., 
p.  163. 

.    Elimination  of  Errors  in  Field   TForfc.    By  Wm.  Bouton.    Contains  valuable 

facts  and  tables  relating  to  accurate  work  in  cities,  with  transit  and  steel  tape  in 
establishing  property  lines.    Jour.  Assoc.  Engr.  Socs.,  Vol.  5,  p.  151. 

.    Method  of  eliminating  local  attraction  in  a  land  survey  with  needle  compass  ; 

and  the  limits  of  precision  of  such  work,  by  I.  O.  Baker.    Engr.  News,  Oct.  31,  1885. 

,  Oeogrnphical.    By  T.  DoY.  Carpenter.    Presents  a  scheme  for  the  organization, 

development  and  prosecution  of  a  geographical  survey  in  connection  with  its  geo- 
logical conamission.     Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  pp.  52  and  163. 

Instruments,  Their  Construction  and  Use.     By  Prof.   I.  O.   Baker.    A  series  of 

articles  in  Engr.  News.  Aug.  7,  1886,  et  seq. 

Party,  Organization  of  for  Preliminary  R.  R.  Survey.  By  A.  W.  Wright.  De- 
scribes the  organization  of  a  party  which  surveyed  24  miles  of  the  U.  P.  R.  R.  in  one 
day.    Jour.  Assoc.  Engr.  Soc,  Vol.  V.,  p.  332. 

. .     By  Stadia.    By  A.  Winslow.    Theory,  with  reduction  tables.    II.  Oeol.  Survey 

Penna.,  Report  A.  A.     Also  Van  Nos.  Eng.  Mag.,  April,  1885. 

• ,  New  Logarithmic  Traverse  Tables,  four  places,  from  0  to  360",  to  be  used  in 

reducing  or  co'jrdinating  topographical  surveys  where  the  azimuth  is  read  up  to 
360".    By  Benj.  Smith  Lyman,  in  Eng.  and  Min.  Jour.,  December  26,  1885. 
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Surveys.  On  Topographical.  By  Geo.  Specht.  Gives  methods  of  stadia  work,  with 
formulas  and  tables,  discusses  instruments  and  stadia  rods.  Van  Nos.  Engr.  Mag., 
Vol.   XXII.,  p.  134. 

.    See  Land. 

Surveyor  ;  His  Legal  Status  in  Michigan.  By  L.  S.  Montague,  in  Proc.  Mich.  Eng. 
Soc,  1885. 

Suspension  Bridgres  of  Any  Degree  of  Stiffnenfi.  By  C.  B.  Bender.  Gives  the  theory 
of  equilibrium  of  a  loaded  elastic  beam  suspended  from  an  elastic  paiabolic  caten- 
ary.    Van  Nos.  Engr.  Mag.,  Vol.  XXV.,  p.  399. 

.  The  Theory  of  Modern  American.  By  Prof.  C.  Clericette.  Gives  the  mathe- 
matical theory.     Van  Nos.  Engr.  Mag.,  May,  Vol.  XXIII.,  p.  111. 

.    See  Cable  Making 

Tape,  Steel.  Accurate  Measurements  by  the  Steel  Tape  and  Steel  and  Brass  Wires. 
"  Geodiltische  Langenmessung  mit  Stahlbandern  und  Metalldrahten  von  Edv. 
Jiiderin,  Stockholm,  1885."  This  is  a  fifty-seven  page  pamphlet  reprint  in  German, 
from  the  proceedings  of  the  Royal  Swedish  Academy  for  1885,  by  Mr.  Jiiderin,  the 
author  of  a  new  system  of  accurate  measurements  by  the  steel  tape  and  metallic 
wires.  It  gives  a  careful  account  of  the  various  tests,  determinations  of  constants, 
and  results  of  measurements  of  primary  bases  previously  measured  by  primary 
base  apparatus.  No  preliminary  work  required  on  the  line,  the  wires  being 
stretched  between  tripods,  which  are  moved  along  with  the  work.  Elevations  of 
tripods  taken  by  a  spirit  leveling  instrument,  a  25  metre  tape  used  and  stretched 
by  a  spring  balance.  Many  reduction  tables  given.  When  the  steel  and  brass  wires 
are  used  in  conjunction,  an  accuracy  of  one  in  one  million  is  attainable  even  in  clear 
weather.  It  is  probable  that  these  results,  together  with  some  equally  accurate 
obtained  recently  on  the  Missouri  River  Survey,  will  lead  to  new  modifications  of 
geodetic  methods.    Cuts  of  apparatus  given. 

Also  "  Expose  E16mentaire  de  la  Nouvelle  M6thode  de  M.  Eduard  Jaderin  pour  la 
mesure  des  Droites  Geodesivues  au  moyen  de  Bandes  d'Acier  et  de  Fils  M6talliques. 
Par  E.  P.  E.  Bergstrand,  Ingenieur  au  Bureau  Central  d'Arpentage  a  Stockholm, 
1885."  This  is  a  forty-eigbt  page  pamphlet  in  French,  describing  the  methods  of 
Mr.  Jaderin,  with  additional  tables  for  reduction.  Mr.  Bergstrand  assisted  in  Mr. 
Jaderin's  observations.    Address  the  author. 

.    Base  Line  Measnrements  by  means  of  a  300-ft.  steel  tape.      Methods  by  which 

sucb  measurements  may  be  made  to  an  accuracy  of  1  in  300,000  or  more.     By  J.  B. 
Johnson,  Jour.  Assoc.  Eng.  Soc,  Vol.  V.,  p.  40. 

Tanks.  Determination  of  the  Efficiency  of  Large  Wrought  L-on.  By  John  D.  Crehore. 
Gives  a  number  of  failures  of  iron  tanks,  and  then  gives  method  to  be  employed  in 
computing  the  strength  of  tanks.     Van  Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  330. 

,  The  Rosewater  Flush.    A  description  of  an  automatic  flush-tank  now  in   use  on 

the  Omaha  Sewage  Works.    Eng.  News,  July  17,  1886. 

Tar  and  Ammonia  from  Blast  Furnaces.  The  present  position  and  prospects  of 
processes  for  their  recovery.  A  paper  by  Wm.  Jones,  before  Iron  and  Steel  Inst. 
Glasgow.    Engineering,  Oct.  Id,  X^Sb,  et  seq. 

Tay  Bridge.  A  general  article  on  the  construction  of  the  Tay  bridge.  Van  Nos.  Eng. 
Mag.,  Vol.  XXII.,  p.  224. 

Telegraph.,  Submarine.  The  latest  methods  in  this  kind  of  work.  Th.  W.  Rae. 
Illustrated.    Trans.  Am.  Soc.  Mech.  Engrs.    Vol.  II.,  p.  349. 

Telegraphy,  facsimile.  A  paper  by  Prof.  Ed.  J.  Houston  on  Delany  apparatus. 
Illustrated.  Shows  how  writing,  sketches,  maps,  etc.,  produced  at  one  end  of  atele- 
graphic  lice,  are  automatically  reproduced  at  the  other.  Illustrated.  Jour.  Frank. 
Inst.,  Dec,  1885. 

Telephone,  invented  by  Reis.  An  article  by  Prof.  Houston,  with  opinions  of  twenty- 
one  eminent  physicists  and  electricians,  all  going  to  show  that  Reis  was  the  original 
inventor  of  the  speaking  telephone.    Jour.  Frank.  Inst.,  Jan.,  1886. 

Systems.      By  Prof.  A.   E.    Dolbear.    A  lecture  before  the  Franklin  Institute. 

Describes  the  various  systems,  especially  those  of  Reis,  Dolbear,  Edison  and  Bell. 
Illustrated.    Jour.  Frank.  Inst.,  Jan.,  1886. 
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Telephony,  Some  Recent  Advances  in.  By  Thos.  D,  Lockwood,  before  Am.  Inst,  of 
Elect.  Knurs.    Elect.  Engr.,  Jane,  1S86. 

Telescopes.  By  Howard  Qrub.  Treats  of  the  testing  of  optical  glasses,  calculation 
and  measurement  of  their  curves  of  flexure  and  polishinp.  6'cj.  Am.  Huppl.,  July  3, 
1886. 

.     The  Principles  Iitvolvrd  in  the  Construclion  of.      By  Thos.  Nolan.      Treats  thw 

optical  principles  involved  in  the  construction  of  the  various  eye-pieces  in  i>,  clear 
manner.  Also  considers  the  various  problems  encountered  in  dealioR  with  second- 
ary spectrums  of  largo  refractory  telescopes.  Van  Nos.  Eng.  J/ay  ,  Vol.  XXV.,  p. 
68  to  103  and  177  ;  also  Van  Nos.  Sci.  Heries,  No.  51. 

Telpheragre.  The  Glynde  telpher  line  in  operation.  Illustrated.  Sc.  Am.  Suppl.,  Jan. 
9,  1,SS6. 

.    A  Lecture  by  Prof.  Fleeming  Jeokin,  the  author  of  the  system,  with  an  especial 

account  of  the  Glynde  Line.    Illustrated.    Elec.  Review.,  London,  Oct.  :i4,  1885. 

A  short  description  of  the  lines  now  in  operation  in  England.    Illustiated.    R.  R. 

02zette,  Nov.  19,  1885. 

Temperature  of  our  Atlantic  Sea  Board.  A  proposition  to  change  it  by  cutting  the 
pilar  current  through  the  Straits  of  Belle  Isle  at  the  northern  end  of  New  Foundland 
by  a  dam  10  miles  long  and  150  feet  deep.  J.  C.  Goodridge,  Jr.,  in  Sc.  Am.,  Oct. 
31,  1S85.     Full  page  chart  given. 

Testing  Machines,  Their  History,  Construction  and  Use.  By  A.  V.  Abbott.  Gives 
history  of  the  development  of  testing  machines;  describes  the  prominent  machines 
and  gives  notes  on  their  use.  Elustrated.  Van  Nos.  Eng.  Mag.,  Vol.  XXX  ,  pp.  204, 
325  and  382.    Also  Van  Nos.  Science  Series,  No.  74. 

at  Watertoton  Arsenal,  Mass.    The  work  of  the  United  States  testing-machine 

By  J.  E.  Howard.    Jour.  Assoc.  Eng.  Soc,  Vol.  V.,  p.  261. 
for  Cement.    Description  of  a  machine  with  full  detailed  drawing  that  can  be 

made  by  any  blacksmith  at  a  cost  of  $10  or  $15.     By  P.  T.  Brendlinger.    Proceeding 

Phil.  Eng.  Club,  Vol.  V.    Eng.  News,  May  15,  1886. 

Autographic  Diagrams.    By  Prof.  W.  C.  Unwin.    A  description  of  six  kinds  of 


apparatus  for  making  such  diagrams.    Illustrated.    Jour.  Soc.  Arts,  hondon,  Feb. 
26,  1886.    Also  Engineering,  Feb.  19,  1886. 
Testing:  Pipes  and  Pipe-Joints  in  the  Open  Trenches.     By  M.   McC.  Patterson.    Gives 
method  employed  by  the  ajithor  at  the  Ossett  Water-Works.      Va7i  Nos.  Eng.  Mag. 
Vol.  XXI.,  p.  166. 

Tests  of  Riitlttnd  and  Washington  County  Slates.  By  J.  T.Williams.  Contains  re- 
sults of  experiments  made  on  testing-machine  at  Rensselaer  Polytechnic  Inst.  Van 
Nos.  Eng.  Mag.,  August,  1886. 

Tidal  Wave  and  the  '^  Mascaret.'''  An  article  containing  formulas  relating  to  wave 
motion.     Va7i  Nos.  Eng.  Mag  ,  September,  1884. 

Tide  Gauge,  Automatic,  invented  by  Mr.  Roberts,  of  the  *' Nautical  Almanack  "  OflBce 
London.  It  is  self-registeriug  and  involves  several  new  features.  Illustrated.  Sc. 
Am.  Suppl.,  Dec.  12,  1885. 

Tides  and  Tidal  Scour.     By  Joseph  Boult  before  the  Liverpool  Eng.  Soc.    Gives  results 

obtained  at  various  boilers  by  tidal  scour.    Van  Nos.  Eng.   Mag.,  Vol.  XXVIII.,   p. 

148. 
and  Coast  Works.    A  lecture  before  the  Inst.  Civ.  Engrs.,  London,  by  Thos. 

Stevenson.  Discusses  the  heights  of  waves  on  coasts  and  in  harbors,  and  some  typical 

forms  of  breakwaters  and  coast  protection  works.     Van  Nos.  Eng.  Mag.,  Feb.  1886. 
Ties,  Experiinental  Iron  Cross.    An  editorial  review  of  the  field,  and  looking  at  the 

matter  from  a  financial  point  of  view.    R.  R.  Gaz.,  June  4,  1886. 
,  Railroad  of  Beechwood.    An  account  of  the  successful   use  of  such  ties  when 

creosoted  or  treated  with  chloride  of  zinc.    Special   treatment  is  required  in  the 

seasoning.    From  the  German,    i^xfirr.  i\'eM.'.s,  April  3,  1886. 
Thermodynamics.    By  F.  T.  Eddv.    A  compact  and  clear  statement  of  the  laws  and 

theu-  signification.     Van  Nos.  Eng.  Mag.,  Vol,  XX.,  p.  237.    Also  Van  Nos.  Science 

Series,  No.  45. 
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Thermodynamics.  A  Lecture  by  Prof.  DeVolson  Wood  oa  Rankin e's  treatment,  in 
which  he  undertakes  to  clear  up  some  of  the  dark  phases  of  that  discussion.  Illus- 
trated.   It  will  be  found  helpful.     Van  Nos.  Eng.  Jl/ctg.,  May,  1886. 

,  Second  Law  of.    By  Prof.  J.  B.  Webb.    Address  before  the  Am.  Assoc.  Adv.  Sc, 

1883.  Shows  that  Rankine's  statement  of  this  law  is  correct  and  intelligible.  Issued 
as  a  separate  pauiphlet  by  the  author.    Hoboken,  N.  J. 

Therinom.eters,  Calibration  of.  By  C.  C.  Brown.  Gives  Hansen's  method  and  its 
application  to  a  practical  example.     Van  Nos.  Eng^  Mag.,  Vol.  XXIX.,  p.  1. 

Tim.ber  :  Its  decay  Induced  by  Fungi.  A  Lecture  before  the  New  York  Academy  of 
Sciences.  By  P.  H.  Dudley.  The  laws  of  this  growth  treated  and  methods  of  pre- 
vention.   Sc.  Amer.  Suppl.,  April  24,  1886. 

.    The  use  of  Beechwood  in  Building.    Deutsche  Bauzeitung,  188iy.    Pp.  390,  397, 

406,  416,  420,  439. 

.    Strength  and  Stiffness  of  Large  Spruce  Beams.    An  account  of  experiments  at 

the  Mass.  Inst,  of  Tech.,  by  Prof.  Lanza.  Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  IV., 
p.  119. 

.  Strength  of  Round.    Results  of  elaborate  experiments  made  by  the  department 

of  postal  telegraphy,  England,  on  full-sized  poles.  The  conditions  of  actual  prac- 
tice duplicated  in  the  experiments.  Formulae  and  tables  given.  Probably  the  first 
experiments  ever  made  on  round  natural  timbers  of  this  size.  The  Engineer,  Oct. 
30,  1885. 

.    Transverse  Strength  of  Southern  and   White  Pine.     By  T.    E.  Kidder.     Gives 

results  of  experiment  on  the  strength  of  these  timbers.  Van  Nos.  Eng.  Mag.,  Vol. 
XXII.,  p.  166. 

,  Preservation  of,  with  Salts  of  Copper.    By  M.  Rottier.    Gives  details  of  experi- 
ments with  strips  of  wood  treated  with  copper  salts.     Van  Nos.  Eng.  Mag.,  Vol. 
XVI.,  p.  3.5. 
See  Creosote. 

,  Pine.    ByC.  G.Smith.    Gives  brief  descriptions  of  the  various  pines  used  in 

coQstruction  and  gives  results  of  a  number  of  tests  for  strength.  Van.  Nos.  Engr. 
Mag.,yo\.  XIII.,  p.  443. 

,  Dry  Rot  in.    Treats  of  the  cause  and  remedies  for  dry  rot.   Van  Nos.  Eng.  Mag., 

Vol.  XIU.,  p.  137. 

Tim.e,  Latitude  and  Azimuth.  Determ,ination  of.  By  L.  Wagoner.  Gives  method 
of  determining  the  above  elements  by  means  of  equal  altitude  and  horizontal  angle 
between  two  stars.     Van  Nos.  Eng.  Mag.,  Vol.  XVIII.,  p.  243. 

Time  Keckoning.  A  Plea  for  a  Universal  or  World  Time.  By  W.  H.  M.  Christie, 
Astronomer  Royal,  Eng.  Proposes  to  use  Greenwich  time  as  the  local  time  for  the 
whole  world.    From  Nature,  in  Van  Nos.  Eng.  Mag.,  May,  1886. 

Topographical  Models,  Their  Construction  and  Use.  By  A.  E.  Lehman,  before  the 
Halifax  meeting  of  the  Am.  Inst,  of  Min.  Engrs.,  \8Ho.  Describes  many  ways  of 
making  relief  models  from  contour  maps  and  the  uses  to  which  they  may  be  put. 

,  Signs  on  Maps.    A  new  method  of  making  such  signs  on  the  original  maps,  an 

inked  cylindrical  rubber  stamp  being  used,  on  which  the  various  topographical sigos 
appear,  lettering  and  figures  also  put  on  mechanically.  By  J.  A.  Ockerson,  in  Trans. 
Am.  Soc.  Civ.  Engrs.,  Vol.  XIV  ,  p.  399. 

Surveying.    By  George  J.  Specbt.    Give  the  stadia  method  of  doing  topographical 

work.  Van  Nos.  Eng.  Mag.,  Vol.  XXII.,  p.  134. 

Surveying  by  the  Transit  and  Stadia.    By  William  Bell  Dawson.    Describes  such 

a  survey  of  180  square  miles  in  Nova  Scotia,  at  a  cost  of  $16.75  per  square  mile. 
The  map  made  on  a  scale  of  500  feet  to  the  inch.  Trans.  Am.  Soc.  Civ.  Engrs., 
Vol.  XI   (1882),  p.  397. 

Topography  in  B,.  R.  Location.  By  Arch.  A.  Schenck.  A  very  sensible  article  on 
the  use  of  topo^rraphy  in  location,  the  writer  favoring  the  use  of  slopes  and  distances 
on  cross-sections  in  preference  to  the  use  of  contours.  He  does  not  indicate  how  his 
contours  were  determined;  however.    Engr.  Era,  Jan.  14, 1886. 
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Tornado  Study.  A  lecture  by  Lieut.  J.  P.  Finley,  before  the  Frank.  Inst.  An  ele- 
imuitury  aiialvsis  and  classification  of  wind-storraa  as  to  locality,  cause,  duration, 
etc.    Jour.  Frank  Inat.,  April,  1886. 

Ton>edoes,  The  Use  of  in  War.  A  lecture  by  Commander  E.  P.  Qallwey,  before  the 
Royal  United  Service  Inst.  Gives  the  progress  of  this  science  to  date.  FuKy  illus- 
trated.   &ci.  Am.  Suppl.,  April  10,  18«0,  et  seq. 

Track  "Without  Frog's.  A  paper  by  C.  B.  Price,  before  Engrs.'  Soc.  West  Penn.  The 
prol)letu  discussed  and  a  number  of  remedies  considered.  Am.  Kngr.,  Nov.  5  and 
i;.',  1885. 

Traffic.  The  Freiijht  Trafflc  on  the  Rhine.  By  Lehmann.  Statistics  and  discussion  of 
the  amount  and  character  of  the  traffic,  and  comparison  of  transportation  by 
water  and  by  rail.     Archiv  fiir  Eisenbahiiwe.'ien,  1886,  pp.  188-210. 

,  Passenger,  on   the  Pmssian   State  Railroads.    By  Councillor  Todt.     Extended 

discussion  of  rates  and  receipts  and  comparison  of  the  different  "classes,"  with 
statistics.     Archiv  fiir  Eisenbnhnive.'ien,  1H86,  pp.  l'2-44. 

Tramways  of  Liverpool.  Description  of  the  construction  and  operation  of  the  city 
tramways.  Abstracted  from  the  report  of  the  City  Engineer.  Engineer,  May  21, 
1886. 

,  Mechanical  Traction  on.    By  J.  L.  Hadden.    A  paper  before  the  Soc.  of  Arts, 

giving  conditions  that  should  be  imposed  upon  the  machine  and  systems  generally. 
Van  Nos.  Engr.  Mag.,  Vol.  XVUI.,  p.  439. 

for  Country  Roads.    By  Ed.  E.  R.  Tratman.    Description,  with  estimate  of  cost 

per  mile.    To  be  operated  by  steam.    Illustrated.    £ng.  J^ews,  April  .3,  1886. 

,  Street.    By  D.  Galton.    Before  Soc.  of  Arts.    Discusses  the  cost  of  operating  by 

horses,  and  then  considers  the  various  methods  which  have  been  proposed  for  fur- 
nishing motive  oower.     Van  Nos.  Engr.  Mag.,  Vol.  XVI.,  p.  391. 

Transmission  of  Power  by  Belts,  Cords,  and  Wire  Ropes.  By  George  Leloutre 
rJives  values  of  co-efflcientsof  friction  for  various  styles  of  belts,  etc.  Van  Nos.  Eng. 
Mag.,  July,  1884. 

by  Compressed  Air.    By  Robert  Zahner.    Treats  of  the  physical  properties  and 

laws  of  air,  thermodynamic  principles  and  formulas  and  their  applications,  etc. 
Alsogives  examples.     Van  Nos.  Eng.  Mag..  Vol.  XIX.,  pp.  446  and  481. 

to  a  Distance.    By  Henry  Robinson.    Gives  results  of  experience  respecting  the 

transmission  of  power  with  water  pressure,  compressed  air  and  wire  rope;  describes 
the  methods  used  at  various  places.     Van  Nos.  Eng.  Mag.,  Vol.  XVIII.,  p.  210. 

By  M.  A.  Achard.    Furnishes  a  summary  of  the  practical  results  obtained  by  the 
transmission  of  power  to  a  distance.     Van  Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  339. 

.  Electrical.    By  C.  J.  Van  Depoele.     Gives  results  of  experience  with  electrical 

motor  on  street  railways.    R.  R.  Review,  June  12. 

By  Geo.  and  Wm.  E.  Gibbs.     Gives  tbe  result  of   some  experiments.     Van  Nos. 
Eng  Mag.,  Vol.  XXVlI.,  p.     17. 

by  Gearing.    The  results  of  numerous  experiments  made  by  Wm.   Sellers,  and 

presented  to  the  Am.  Soc.  Mech.  Engrs,,  to  determine  the  efficiency  of  spar,  bevel 
and  worm  gearings.  Results  plotted  and  mean  curves  drawn.  Three  pages  of  illus- 
trations showing  plotted  results.    Engineering.  Dec.  2.5,  1885. 

by  Wire  Ropes.  By  A.  W.  Stahl.  Gives  a  complete  investigation,  including  driv- 
ing wheels,  tension  and  reflection  of  rope,  limit  of  span  and  some  of  the  practical 
difficulties.     Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  pp.  68,  166  and  225. 

Transportation  in  Northern  Ohio.  An  historical  account  of  its  development,  in- 
cluding the  building  of  canals  and  railroads.  By  J.  H.  Sargeant.  Jour.  Assoc.  Eng. 
Soc,  Vol.  v.,  p.  138. 

Trestle  Bridges  and  Modes  of  Maintaining  Them.    By  J.  H.  Curtis.     An  article  on  the 

erection  of  temporary  structures.     Van  Nos.  Eng.  Mag.,  Vol.  XXVI.,  p.  383. 
--  ■-  in  Deep  Water  in  Halifax  Harbor.    Water  80  ft.  deep.    Trestle  weighted  down  by 
rock.    Fully  illustrated.    R.  R.  Gazette,  April  9,  1886. 
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Trigronometric  Problems  by  Continued  Approximations,  Solution  of.      By  Horace 

Andrews.     Van  Nos.  Eng.  Mag.,  July,  1884. 
Leveling.    The  methods  and  formulae  used  on  the  New  York  State  Survey.    See 

Report.  1882,  app.  2. 
Stolons.  Jlfe^fcodo/Jlfarfcingr  on  the  New  York  State  Survey.     Glazed  pots  used 

for  the  underground  marks.     New  York  State  Survey  Report,  1880  and  1881. 
TmsB,  Apparatus  for  Illustrating  the  Action  of  Loads  upon.    By  R.  Fletcher.    Illus- 
trated.    Van  Nos.  Eng.  Mag.,  Vol.  IX.,  p.  161. 
,  The  French  Roof.    By  P.  H.  Philbrick.    Gives  an  analysis  of  the  truss.  Van  Nos. 

Eng.  Mag.,  Vol.  XXUI.,  p.  89. 
With  Superfluous  Members.    By  Wm.  Cain.    Gives  M.  Levy's  theorem  concerning 

superfluous  pieces  in  a  simple  and  elementary  manner,  with  examples  in  detail.  Van 

Nos.  Eng.  Mag.,  Vol.  XXVII.,  p.  314. 
Tubbing.    By  Ralph  Moore.    Gives  a  method  of  tubbing  for  stopping  back  feeders  of 

water  met  in  sinking  shafts  and  describes  method  of  putting  it  in.    Van  Nos.  Eng. 

Mag.,yol.  XVni.,p.  348. 
Tube  Wells.    A  description  of  some  of  the  so-called  Abyssinian  tube  wells.    Van  Nos. 

Eng.  Mag.,  Vol.  XXIU.,  p.  281. 
Tunnel,    Mont  Cents.    By  W.  Pole.    A  brief  description  of  the  ventilation  of  the 

tunnel.    Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  399. 
.    The  construction  of  a  tunnel  for  foot  passengers  through  a  ridge  in  the  most 

populous  part  of  Stockholm,  Sweden.      Lightfoot's    dry  air  refrigerator  process 

employed.    Sci.  Amer.  Sup.,  May  22,  1886. 
for  Foot  Passengers  at  Stockholm.    Driven  by  freezing  the  ground  by  cold  air- 
blast  at  night,  this  discontinued  through  the  day.    Illustrated.    The  Engineer,  April 

9,  1886;  also  San.  Engr.,  May  6, 1886. 

Under  the  Severn,  Eng.     Profile  and  sections,  with  an  account  of  the  work. 

Engr.  News,  April  17,  1886;  also  R.  R.  (iazette,  April  16,  1886. 

,  Hudson  River.    By  Wm.  Sooy  Smith.     A  description  of  the  methods  employed, 

compressed  air  being  used.    Illustrated  by  three  large  plates.    Trans.  Am.  Soc. 
Civ.  Enqrs.,  Vol.  XI.  (1882),  p.  314. 

Under  the  Mersey  at  Liverpool.    Sections  and  details  shown  and  described.    Sci. 

Am.  Suppl.,  April  10,  1886. 

,  The  Best  Method  of  constructing  Long.    By  IG.  Bredel.    Contains  notes  on  the 

construction  of  a  number  of  European  tunnels.    Author  believes  base  heading  is 
preferable  to  crown  heading.     Van  Nos.  Eng.  Mag.,  Feb.,  1884. 

on  the  S.  Penn.  R.  R.  Method  of;  working,  taken  from  official  reports.  A  valu- 
able series  of  articles,  fully  illustrated.    Engr.  News,  Nov.  14,  1885,  et  seq. 

■ ,  The  St.  Oothard.    By  Prof.  Colladon.    Describes  the  source  of  motive  power,  air 

compressors,  and  engines  put  in  motion  by  the  compressed  air.    Van  Nos.  Eng. 
Mag.,  Vol.  XVII.,  p.  37. 

of  the  Worcester  (.Mass.")  Sewerage  System.    Details  of  cost  and  methods  given. 

By  Wm.  Whittaker.    Jour.  Asso.  Eng.  Soc,  Vol.  V.,  p.  147. 

Tunneling',  Influence  of  Temperature  in,  through  High  Mountains.  By  Dr.  T.  M. 
Stapff.  Treats  of  the  highest  temperatures  at  which  men  can  work  and  at  what 
depth  this  temperature  is  likely  to  bo  reached.  Also  gives  general  remarks  on 
tunnel  work  from  experience  in  the  St.  Gothard  tunnel.  Van  Nos.  Eng.  Mag.,  Vol. 
XXIV.,  p.  31. 

Turbine  Wheels.  By  Prof.  W.  P.  Trowbridge.  On  the  inapplicability  of  the  investi- 
gation of  the  turbine  wheel,  as  given  by  Rankine,  Weisbach,  etc.,  to  the  modern 
construction  introduced  by  Bayden  and  Francis.  Van  Nos.  Eng.  Mag.,  Vol.  XX.,  p. 
245;  also  Van  Nos.  Science  Series,  No.  44. 

.    A  review  of  the  above  article,  by  Prof.  Wm.  H.  Barr.     Van  Nos.  Eng.  Mag,, 

Vol.  XX.,  p.  346, 

A  reply  to  the  above  article,  by  Professor  Trowbridge.     Van  Nos.  Eng.  Mag.,  Vol. 
XX.,  p.  372. 
Reply,  by  Professor  Barr.    Van  Nos.  Eng.  Mag.,  Vol.  XX.,  p.  460. 
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Turbine  Wheels.  Their  eftlciency  as  affected  by  the  form  of  the  gate.  By  Samuel 
VVebber.  Talmlated  and  plotted  results  of  experiments  showing  evil  effects  of  gates 
with  sharp  edge.     Traits,  Am.  Soc.  Mech.  Eugrs.,  Vol.  III.,  p.  78. 

.    Scr  M'liter-Wheels. 

Tum-Out  Curves.    Good  working  rules  for  the  same.    R.  R.  Gm.,  May  14,  1880. 

Turn-Outs,  Theory  of  Railway.  By  J.  R.  Stevens.  An  illustrated  article  giving  full 
solution  of  double  and  single  turn-out  problems.  Van  Nos.  Eng.  Jfog.,  Vol.  XXIX., 
p.  80. 

Underground  Cables  in,  Germany.  Methods  of  laying  described  and  illustrated  by 
full  pigi'  cur.    .s'c.  Am.  Suppl.,  Nov.  14,  1885. 

TJnderg-round  System  for  telegraph  wires  used  in  England.  By  D.  E.  Lain,  London. 
Elcr.  Knur.  (N.  Y.),  January,  1886. 

Valve  Gear  as  applied  to  locom,otive  engines.  A  valuable  paper  before  the  R'y  Mas- 
ter Ah'clianics' Association,  by  Otto  Qriininger.  The  improvements  of  Brown  and 
Strong,  whereby  the  steam  chest  is  obviated,  boiler  pressure  obtained  in  the  cylin- 
der, no  back  pressure,  etc.  Accomplished  by  a  system  of  ''radial  valve  gear." 
Fully  illustrated.     Kngineerina.  Jan.  15.  1886. 

Velocity  of  Ocean  Currents  of  great  depths.  The  Measurement  of.  By  E.  Suchier. 
Translated  from  the  German.  A  current  meter  used.  Illustrated.  Eng.  News, 
Nov.  14,  1885. 

Ventilation.  By  W.  N.  Hanley.  Treats  of  the  pollution  of  air  and  ventilation  of 
buildings.     Van  Nos.  Eng.  Mag.,  Vol.  XIII.,  p.  109. 

.    An  article  treating  the  heat  of  the  human  body  as  an  element  to  be  regarded  in 

arranging  the  ventilation  and  warming  of  buildings.  Van  Nos.  Eng.  Mag.,  Vol. 
XXL,  p.  374. 

.    A  paper  by  Capt.  D.  Galton  on  the  maintenance  of  pure  air  in  dwellings.    Van 

Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  314. 

.    Abstract  from  a  report  on  the  heating  and  ventilation  of  the  Chamber  of 

Deputies,  Paris,  made  for  the  information  of  a  committee  of  House  of  Commons. 
San.  Enq.,  July  22,  1886. 

hy  Chimneys  and  bv  Fans.    Their  relative  economy.    By  Prof.  W.  P.  Trowbridge, 

before  the  Am.  Soc.  Mech.  Engrs.  The  fan  shown  to  be  much  more  economical  in 
fuel  for  low  chimneys  or  shafts.    Sch.  of  Mi7ies  Quar.,  July,  1886. 

of  Coal  Mines.    By  Geo.  G.  Andre.    A  paper,  with  discussion,  before  the  Soc.  of 

Engrs.     Van  Nos.  Eng.  Mag.,  Vol.  XIX.,  p.  369. 

by  means  of  Flues.    The  air  being  artificially  heated  before  entering  the  flue.    A 

theoretical  study  of  this  problem,  when  the  air  which  is  to  be  passed  out  of  the  flue 
is  heated  by  steam  coils  as  it  enters  the  flue.  The  object  of  the  investigation  is  to 
find  the  area  of  heating  surface  required  to  pass  a  given  quantity  of  air  under  given 
conditions.  By  \Vm.  P.  Trowbridge.  The  system  shown  to  be  more  economical  than 
fans.     Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.  III.,  p.  67. 

,    Hints  on.    By  C.  T.  Wingate.  A  brief  discussion  of  the  ventilation  of  dwellings. 

Building,  June  5,  1886. 

,    How  much  ?    A  valuable  article  by  J.  L.  Greenleaf,  on  the  amount  of  fresh  air 

required  under  various  conditions.     Van  Nos.  Eng.  Mag.,  Nov.,  1885. 

,    The  Mechanics  of.    By  George  Rafter.    A  thoroughly  practical  essay  treating 

of  the  laws  of  air  in  motion,  and  the  application  of  those  laws  to  the  removal  of  foul 
air  and  the  supply  of  fresh  air  to  building.  Van  Nos.  Eng.  Mag.,'Vo\.  XVII.,  pp.  354 
and  401. 

.  Relative  Economy  of  ventilation  by  heated  chimneys  and  by  fans.  A  paper  before 

the  Am.  Soc.  of  Mech.  Eng.  at  Chicago.    -San.  Eng.,  July  29,  1886. 

of  Theatres.    By  J.  P.  Seddons.    A  lecture  delivered  at  the  Parkes  Museum  of 

Hygiene.     Van  Noa.  Eng.  Mag.,  April,  1886. 

,    The  Theory  of.    By  Sur.-Gen.  F.  De  Choumont.    An  attempt  to  establish  a 

positive  basis  for  the  calculation  of  the  amount  of  fresh  air  required  for  an  inhabited 
air  space.     Van  Nos.  Eng.  Mag.,  Vol.  XIIL,  p.  332. 

.    See  Heating. 
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Viaducts,  Resistance  of,  to  Sudden  Ousts  of  Wind.    By  Jules  Gaudard.     Gives  a 

good  discussion  of  the  subject,  citing  numerous  examples.     Van  Nos.  Eng.  Mag., 

Vol.  XXVlI.,p.  213. 
,  Sixteenth  street.  Omaha.    SpeciQcations  for  a  structure  having  a  length  of  1,500 

feet,  composed  of  four  Howe  trusses,  ten  trapezoidal  trusses  and  pile  bents.    Eng. 

News,  May  22,1886. 
Village  Plats.    Legal  Requirements  in  Michigan.    Proc.  Mech.  Eng.  Soc,  1885. 
Vibration,  or //le  e^eci  o/  Passing  Trains  on  Bridge  Masonry.    By  J.  L.Randolph, 

llieo.  Cooper  and  Ch.  E.  Emery.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XII.  (1883),  p, 

444. 
Walls.    See  Retaining. 
War-Ships,  Special  Trials  of  Recent.    By  W.  H.  White,  before  Inst.  Naval  Architects. 

Tables  and  curves  of  speed,  horse-povcer,  revolutions,  etc.    £n(,ineering,  Aprill6, 

1886. 
Washouts  of  R.  R.  Bridges  and  Culverts.    By  Chas.  W.  Folsom .    A  valuable  study  c  f 

the  number  and  cause  of  such  washouts  and  also  of  the  proper  size  of  water-ways. 

Jour.  Assoc.  Enyr.  Socs.,  Vol.  V.,  p.  304. 
Watches.    Rating  and  Trials  at  the  new  observatory,  with  results  attained  in  uni- 

formity  of  rate  in  many  hundred  cases.     The  Engineer,  Jan.  1,  1886. 
"Waiev  Analysis  for  Living  Organisms.    A  new  method,  by   Dr.   Dupr6,   by  observing 

amount  of  oxygen  consumed.    Likely  to  lead  to  new  methods  of  water  analysis. 

Editorial  in  The  Engineer,  Nov.  20, 1885. 
,  Analysis  of  Potable.    By  C.  W.  Falkard.    An  abstract  from  a  paper  before  the 

Inst,  of  Civil  Engrs.     Van  Nos.  Eng.  Mag. ,  Vol.  XXVI.,  p.  331 . 
,  The  Collection,  Purification  and  Examination  of.     Lectures  delivered  at  the 

Royal  Engineers'  Institute  by  Col.  Francis  Bolton  and  Dr.  P.   F.  Franklin.     Engr. 

News,  June  12,  1886. 

Consumption,  The   German  rules  for  estimating,   wherein  the  consumption  is 

analyzed  with  minuteness.    Engr.  News,  Oct.  31,  1885. 

Distribution  System  of  Boston,   Mass.      By  Dexter  Brackett.    A  very  complete 

description  of  all  the  interesting  engineering  details,  with  five  large  plates.  Jour. 
Assoc.  Eng.  Soc,  Vol.  V.,  p.   107. 

,  Examination  of  for  Micro  Organisms.  By  Dr.  G.  Bischof.  A  detailed  descrip- 
tion given.    Engr.  News,  March  6,  1886. 

,  Filtration  of.    By  Geo.  Higgins.     Details  some  experiments  made  at  Buenos 

Ay  res  on  the  filtration  of  water  from  the  river  Plate.  Yan  Nos.  Engr.  Mag.,  Vol 
XXII.,  p.  72. 

Filtration  as  Proposed  for  Washington.    Water  to  be  forced   through  about  8 

feet  of  a  mixture  of  sand  and  powdered  coke,  after  being  intimately  mixed  with 
about  one-fifth  its  bulk  of  air.    Sanitary  Engr.,  May  13, 1886. 

Flowing  in  Pipes.    Hagen's  empirical  and  Prof.  Reynolds'  theoretical  formulae 

shown  to  be  practically  identical.     The  Engineer,  Jan.  1, 1886. 

Gauges,  Telemetric.    Apparatus  to  record  the  readings  of 'gauges  at  distant 

points  from  a  central  station.  A  Belgian  invention.  Annates  des  Ponts  et  Chaussees 
October,  1885. 

,  The  Impurities  in.    By  G.  S.  Johnson.    Treats  of  the  so-called  impurities   in  a 

chemical  sense,  and  shows  the  useful  effect  of  some  of  them.  Van  Nos.  Engr.  Mag., 
Vol.  XXV.,  p.  194. 

Mains,  Pressure  in.  Table  showing  pressure  in  the  mains  of  various  cities.  Engr^ 

News,  May  29,  1886. 

Mains,  Removal  of  Incrustations  from.    By  E.  H.  Keating.    An  account  of  some 

successful  experiments  in  removing  hard  incrustations  by  mechanical  scrapers  pro- 
pelled by  water  pressure.  Illustrated.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XI.  (1882), 
p.  127. 

Main  raised  eighteen  feet.    The  main  was  40  inches  in  diameter,  and  was  raised 

empty  by  means  of  screws  working  through  caps  across  pile  bents.  Illustrated. 
Eng.  News,  Jan.  23,  1886. 
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"Water  Mrtfrs  aiul  thf  ^y'at(^r-Ml■t^'t■  System.  By  John  Coleman.  Gives  requisites  for  a 
water  meter,  and  advocates  the  use  of  tiiem  to  stop  waste.  Van  Noa.  Eiuj.  Mag., 
Vol.  XXVIL,  p.  '?:.'ij. 

■ Meter.    Capacity  of  l.fjOO.OOO  gals,  per  day.    Consists  of  two  buclcets  whieli  tip 

alternately.    Used  for  measuring  feed  water  to   the  Liverpool  Canal.    Mechanics, 
NoYember,  181S5. 

Meters.  Experiments  with  at  Wiesbaden.  Author  points  out  the  practical  re- 
sults from  the  trials  of  a  laiKt-'  number  of  meters.  Van  No.<i.  Emj.  Mag.,  Vol  XVI. 
p.  ViQ. 

Meters.    For  reRistering  small  flows.    Uy  J.  J.  Tylor.    Gives  a  shirt  account  of 

chief  water  meter  u^sed  iu  England,  and  shows  how  far  the  design  is  effective  in 
measuring  small  quantities.     Van  Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  394. 

Meter,  Tilting— tor  purposes  of  experiment.    Illustrated.    By  J,  C.   Iloadley. 

Tratis.  Am.  Soc.  Mech.  Engrs.,  Vol.  V.,  p.  C3. 

Meters,  the   Value  of.    A  plea  for  their  adoption  in  cities.    By  Chas.   VV.  Baker. 

Eiujr.  Neu-s,  April  17,  1886. 

,  Two  ^[an7ler.^  of  Motion  of.  By  Prof.  Osborne  Reynolds  before  the  Royal  Insti- 
tution. Divides  the  various  phenomena  of  movini»  water  into  two  distinct  classes, 
according  to  the  internal  motions  which  become  visible  by  means  of  color-bands. 
Van  Nos.  Engr.  Mag.,  Jaly,  1884. 

Motors.  A  Lecture  by  Prof.  W.  C.  Unwin  before  the  Inst.  Civ.  Engrs.    A  general 

description,  modes  of  action,  and  efficiencies  of  various  kinds  of  water-wheels  and 
engines.    Illustrated.     Van  Nos.  Eng.  Mag.,  Jan.,  1886. 

Pressure  in  the  Mains  of  Various  American  Cities.    Tabular  values  of  Difference 

of  Level  in  Town;  Day  Pressure;  Night  Pressure;  and  Fire  Pressure.  Compiled  by 
J.  J.  R.  Croes.    Engr.  News,  Jan.  16,  1886,  et  seq. 

Pipe,  Repairs  to,  under  ivater.     By  E.  Ruoff.    Pipe  crossing  a  stream,  14  feet 

under  water,  was  repaired  by  sinking  a  caisson  by  the  pneumatic  process  over  the 
leak.    Journal  fiir  Gasbeleuchtung  und  l-Tasserversoj-ffitJi!;,  1886,  pp.  203-207. 

Pipe   Scraper.     A  very  efficient   device   which  has  been  successfully  used  in 

England.    Illustrated.    Engr.  Neivs,  April  10,  1886. 

Power,  Utilized  by  means  of  an  Invented  Siphon  Tunnel,  at  Marseilles,  111.  Pro- 
ject described  and  illustrated  by  E.  J.  Ward,  in  Jour.  Assoc.  Eng.  Soc,  Vol.  V., 
p.  134. 

Poicer  of  the  U.  S.    Abstract  of  this  900   page  volume  of  the  tenth  U.  S.  Census 

Report,  which  is  by  Prof.  W.  P.  Trowbridge,  assisted  by  Prof.  G.  F.  Swain,  Dwigbt 
Porter  and  J.  L  Greenleaf.  Some  of  the  more  interesting  facts  given  in  abstract. 
Engr.  ^ews,  Sept.  4,  1886.     Also  San.  Eng.,  July  15, 1886. 

Pressure  in  Soil.    Its  diminution  due  to  the  capillary  attraction,  which  is   shown 


to  be  very  great.    Abstracts  Inst.  Civ.  Engrs.,  Vol.  LXXXV.,  p.  423. 

—  Purified  by  Aeration.  Results  of  experiments  by  the  Hackensack  Water  Com- 
pany, New  Yoik.  Air  pumped  into  the  mains  under  pressure  of  125  pounds. 
Proved  efficient.    Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XV.,  p.  139. 

—  Purification  of,  by  Alum.  By  Prof.  P.  T.  Austen.  Treats  of  its  particular 
application  to  localities  where  purification  of  the  water  is  only  necessary  at  certain 
seasons  of  the  year,  and  where  the  expense  of  large  pumps  and  filter  would  be  a 
serious  tax.    Sci.  Am.  Suppl.,  July  17,  1886. 

— ,  Processes  for  Dcteitnining  the  Orgunic  Purity  of  Potable.  By  Dr.  Sidy,  before 
the  Chemical  Society.  Comments  upon  the  various  methods  employed.  Van  Nos. 
Eng.  \fag..  Vol.  XX.,  p.  172. 

—  ,  Pure.  Describes  a  number  of  small  filters  used  in  different  places.  Van  Nos. 
Eng.  Mag.,  Vol.  XXIII.,  p.  1.52. 

—  Purification  of.  By  Qustav  Bischof.  An  article  before  the  Soc.  of  Arts  relating 
to  the  purification  of  water  for  sanitary  purposes.  I>i8cusses  spongy  iron  as  a 
filtering  material.     Van  Nos.  Eng.  Mag.,  Vol.  19,  p.  28. 
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Water  Purification.  By  Col.  Wm.  Tweeddale,  C.  E.  Brief  description  of  different 
methods  :  Sedimentation,  Filtration,  Chemical  Process  and  Distillation.  First 
Annual  Report  of  the  Kansas  State  Board  of  Health,  1885. 

,  Purification  of,   for  Domestic   and  Manufactunng  Purposes.    By  T.  S.  Crane. 

Gives  description  of  the  Hyatt  filter.    Illustrated.    San.  Eng.,  June  24. 

Purification,  Its  Biological  and  Chemical  Basis.     By  Percy  F.  Frankland  before 

the  Inst.  Civ.  Engrs.  A  general  review  of  all  methods  found  efficient  and  valuable, 
viewed  frcm  the  scientific  stand-point.  With  discussion.  A  valuable  paper.  Inst. 
Civ.  Engr.-i.,  Vol.  LXXXV.,  p.  197. 

liaising  3Iachines  in  Holland,  practical  results  obtained  from.    ByG.  Cuppari. 

A  valuable  article,  giving  descriptions  and  details  of  pumping  machinery  in  use  at 
various  stations  in  Holland.     Van  Nos.  Eng.  Mag.,  Oct.,  1884. 

,  Softening  of .  By  Baldwin  Latham.  Contains  description  of  the  various  methods 

employed  to  soften  water.     Vati  Nos.  Eng.  Mag.,  Oct.,  1884. 

.    Sickness  caused  by  contaminated  Water.    A  clear  case  reported  to  New  Hamp- 

snire  Sanitary  Board  of  Health.  Contamination  from  sink  and  pri^y.  Cut  given 
Sanitary  News.  Oct.  10,  1885. 

.    See  Filtration. 

in  Streams,  Observations  on  the  Movement.  By  P.  Graeve.  Gives  some  observa- 
tions made  on  the  Oder  and  Warthe  and  compares  result  obtained  with  the  meter 
with  various  formulae.     Van  Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  1'24. 

and  Cholera.    A  review  of  the  late  Spanish  epidemic  in  its  relation  to  the  water 

supply,  showing  a  vital  (or  fatal)  relation  between  the  two.  By  (Jeo.  Higgin.  Van 
Nos.  Eng.  Mag.,  Aug..  1886. 

,  On  the  Economy  of  Power  Motors  for.    By  A.  R.  Wolff.    Treats  of  the  economy 

of  steam  pumps,  hot  air,  gas  engines  and  wind-mills.    Building,  June  5,  1886. 

.    The  Greathead  System  of  Fire  Protection,  described    by  Howard  Constable. 

High-pressure  mains  connect  with  flre-plugs  on  the  ordinary  service  mains.  The 
water  under  high  pressure  draws  from  the  service  mains  on  the  principle  of  the 
steam-injector  or  sand  pump.    Proc.  Engrs.'  Club  of  Phila.,  Vol.  V.,  p.  230. 

of  Some  Great  Cities.    An  interesting  comparison  of  the  cost  of  supply  per 


million  gallons  in  the  cities  of  Chicago,  New  York,  San  Francisco  and  some  Eng- 
lish cities,  together  with  other  pertinent  facts.  From  The  Builder,  in  Van  Nos.  Eng. 
Jl/a£f.,  April,  1886, 

,  Observations  upon  the  Cape  Fear  River  as  a  Source  of.    By  Thomas  F.  Wood, 

M.  D.,  Wilmington,  N.  C.  A  study  into  the  character  of  Southern  river  water,  par- 
ticularly of  the  seaboard  region;  and  of  the  characteristics  of  water  contaminated 
with  tarry  matters  and  products  of  vegetable  decomposition.  Pp.  10,  Sanitarian, 
March,  1886. 

.    Lincoln,  Neb.    By  J.  P.  Walton.     Description  of  the  well  in  Lincoln  Park  for 

the  water  supply  of  the  city.  Estimated  flow,  75,000  gallons  per  hour.  Proc.  Neb. 
Soc.  Assoc.  Eng.  and  Surv.,  Vol.  I. 

,  The  London.  Gives  statistics,  principally  financial,  relating  to  the  London  water 

supply.     Fan  Nos.  Eng.  Mag.,  Vol.  XVII.,  p.  503. 

Supply.   The  Analysis  of  Potable  Water.    By  Chas.  W.  Folkard,  before  the  Inst,  of 

Civ.  Engrs.  Gives  methods  of  water  analysis  with  special  reference  to  the  determina- 
tion of  the  previous  sewage  contamination.  Van  Nos.  Eng.  Mag.,  Vol.  XXVII.,  pp. 
143  and  228.    Also  Van  Nos.  Science  Series,  No.  61. 

.  An  abstract  from  the  report  of  a  committee  for  investigating  the  circulation  of 

underground  water,  and  the  relative  value  of  water  of  different  districts.  Van  Nos. 
Eng.  Mag.,  Vol.  XVII.,  p.  501. 

.  Papers  read  before  the  Conference  of  the  Soc.  of  Arts  on  the  water  supply,  held 

at  the  International  Health  Exhibition,  July,  1884.  Van  Nos.  Eng.  Mag.,  November 
and  December,  1884. 

.  A  paper  before  Soc.  of  Arts.    By  G.  F.  Deacon.    On  the  constant  supply  system 

and  the  waste  of  water.     Van  Nos.  Eng.  Mag.,  Vol.  XX VII.,  p.  115. 
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"Water  Supply.  The  Constant  and  Intermittent  System  and  the  Prevention  of  Waste. 
By  G.  F.  Deacon,  before  Inst,  of  Civ.  Engrs.  Treats  of  the  sources  of  waste  and  effecls 
on  the  intermittent  service.  Objection  to  intermittent  system.  Advocates  the  use  of 
meters.     I'un  Xus.  Eng.  May.,  Vol.  XV^I.,  p.  .'{07. 

Systems.     By  Geo.  C.  Francis.    A  good  summary  of  the  pros  and  cons  of  the  five 

different  systems  common  in  America.    En<jr.  News,  March  13,  1880. 

.  Gives  the  tests  which  have  been  regularly  carried  on  at  the  Berlin  Water- 
Works  ;  also  the  conclusions  drawn.     Van  Xos.  Eng.  2Ja(j  ,  July,  188G. 

of  Cities.    A  lecture  before  the  Inst.  Civ.  Engrs.,  London.    By  Wm.  Pole.    The 

whole  ground  gone  over  in  an  article  of  vJ.'j  pp.  Treated,  of  course,  from  an  Eng- 
lish point  of  view.     Van  Nos.  Eng.  Mag.,  Feb.,  1880. 

,  Chemical  Test  of.    Enumerates  the  conditions  which  the  Commission  of  Vienna 

thinks  water  ought  to  fulfill  if  it  be  used  in  important  towns.  Van  Nos.  Eng.  Mag., 
W<\.  XIV.,  p.  138. 

of  Montpelier,  Vt.     Description  of  a  private  system  supplied  entirely  by  springes; 


also  of  the  corporation  system.    Eng.  News,  May  22,  1886. 

—  of  Neio  York,  Present  and  Prospective,  Report  of  a  committee  of  the  Medical 
Society  of  the  County  of  New  York.  Gives  results  of  inveftigations  of  the  sources 
of  pollution,  with  observations  and  discussion  on  the  advisability  of  building  the 
Quaker  Bridge  Dam.    Sanitarian,  April,  188G.    Pp.  32. 

— ,  Naples.  The  new  works,  completed  in  1885,  convey  the  waters  of  the  Serino 
springs,  yielding  over  170,000  cubic  meters  in  2-1:  hours,  to  Ihe  city.  An  aqueduct 
80  km.  long,  of  which  14.5  km.  is  in  tunnel,  1.8  km.  bridges,  and  1.106  km.  siphons, 
leads  to  Cancello.  Section,  1.60  by  2.00  meters  ;  grade,  1  :  2000.  Vertical,  or  nearly 
vertical,  falls,  aggregating  202  meters,  are  arranged  so  as  to  be  utilized  for  power. 
Manholes  and  ventilators  every  200  m.  A  single  siphon  19  km.  long,  consisting  of 
3  pipes,  extends  from  Cancello  to  Naples,  leading  to  two  reservoirs,  one  for  the 
high  and  one  for  the  low  service.  These  reservoirs  are  excavated  in  the  rock  50  meters 
below  the  surface,  to  preserve  a  low  temperature.  Wochenschrift  des  Oesterr- 
icheschen  Ingenieur-  und  Archetektur-Vereins,  1886,  pp.  4-6. 

— .  Studies  for  the  Future  Supply  of  Philadelphia,  given  in  the  annual  report  of 
the  Philadelphia  Water  Department.  The  report  covers  400  pp.,  and  is  accom- 
panied by  numerous  maps,  profiles,  graphical  presentations  of  consumption,  tables 
etc.  It  contains  numerous  reports  by  specialists,  as  well  as  that  of  Col.  Ludlow,  the 
Chief  Engr.  of  the  Water  Dept. ;  also  Rudolph  Hering's  report  on  the  surveys  and 
investigations  for  a  new  supply  and  proposed  areas,  aqueducts,  etc.  A  most  valuable 
report. 

—  of  San  F)au Cisco  from  Lake  Merced.  By  P.  J.  Flynn.  A  brief  report  on  the 
quantity  and  quality  of  the  water.     Van  Nos.  Eng.  Mag.,  Vol.  XXIX,  p.  410. 

—  Sewerage  and  Lighting  of  the  cities  of  Salzburg,  Munich,  Stuttgart,  Frankfort 
and  Hamburg.  Zeitschrift  des  Arch.-  und  Lig.-Vereins  zu  Hannover,  1886,  pp. 
174-185. 

— ,  St.  Denis  (France).  Descriptive  account  of  the  works  for  supplying  this  town,  of 
about  44.000  inhabitants,  with  water.  Mem/)ires  de  la  Sociite  des  Ingenieurs  Civils, 
May,  1885,  pp.  661-678. 

— ,  Ziirich.  Extended  abstract  of  Report  of  a  Commission  to  investigate  its  relation 
to  the  epidemic  of  typhoid  fever  in  1884.  The  outbreak  was  traced  to  a  contamina- 
tion of  the  water  supply.  Report  has  been  separately  published.  Journal  fiir 
Qasbeleuchtung  und  Wasserversorgung,  1886,  pp.  80-85,  112-117. 

—  to  a  stamp  mill.  By  W.  A.  Biddle.  Descriptive  notes  showing  conditions  under 
which  formulae  were  applied,  with  notes  on  Rutter's  formulae.  Van  Nos.  Eng.  Mag., 
Vol.  XIX.,  p.  390. 

— .    See  Pipe  System. 

— ,  Waste  of.  The  Prevention  of.  By  Thomas  Stewart.  Awarded  the  Miller 
prize  by  the  Inst,  of  C.  E.  Treats  of  the  sources  of  waste  and  the  methods  of  detect- 
ing and  preventing  the  same.     Van  Nos.  Eng.  Mag.,  Vol.  XXVI.,  p.  118. 
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Water  Wheel.  The  Sagebien.  Description  of  the  wheel,  illustrated,  with  results  of 
experiments  made  to  determine  efficiency.      Van   Nos.  Eng.   Mag.,   Vol.  XIV., 

p.  83 

,  Theory  of  the  Turbine.  By  Gustaf  Atterberg.  A  new  theory  derived  by  as- 
suming the  normal  velocity  of  the  water  at  the  inlet  of  the  wheel  as  the  first 
requisite  for  further  calculation.  Van  Nos.  Eng.  Mag.,  Vol.  XXVI.,  pp.  138 
and  230. 

Water- Works  Engines  at  Allegheny  City,  Pa.  Fully  illustrated  and  described.  Three 
cylinder  compound  engines  of  crank  and  fly-wheel  type,  made  by  F.  P.  AUis  &  Co., 
Milwaukee.  Capacity,  18,000,000  gals.,  raised  220  feet  ;  duty,  over  100,000,000. 
Engineering,  Jan.  8  and  22, 1886. 

,  The  Bremen.    Gives  brief  description  of  the  works  and  machinery.     Van  Nos. 

Eng.  Mag.,  Vol.  XVII.,  p.  399. 

of  Colmar  in  Alsace.    Description  of  the  preliminary  works,  witii  drawings. 

Nouvelles  Annales  de  la  Construction,  1885,  pp.  1-8.  Also  descriptioa  of  the  ma- 
chinery in  Bulletin  de  la  Societe  Industrielle  de  Mulhouse,  1885,  pp.  130-143. 

at  Charlottesville,  Va.     A  gravity  system,  with  reservoir  a%  miles  from  the 

town,  of  5,500  inhabitants.  Has  waste  weir  across  the  dam;  well  culvert  for  pipes, 
etc.    Illustrated.    Jour.  Assoc.  Eng.  8oc.,Yo\.Y.,^.%2. 

of  the  City  of  Erfurt  (Germany)  ;  and  some  new  water-towers,  oil-tanks  and 

gas-holders.  By  Professor  Intze,  Description  of  the  works,  the  water  being 
obtained  from  the  ground  water  by  means  of  a  well,  and  pervious  collecting  pipes. 
Water  is  pumped  into  a  tank  holding  over  145,000  gallons  In  the  top  of  a  tower, 
about  155  feet  high.  Cost  of  works  about  $90,000.  Also  description  of  a  num- 
ber of  similar  towers  gas-holders,  etc.  Illustrated.  Zeitschrift  des  Vereins 
deutscher  Ingenieure,  1886,  pp.  25-31. 

of  Hyde  Park,  Mass.    Short  description,  accompanied  by  a  few  general  and 

detailed  illustrations.  Supply  taken  from  ground  water  by  means  of  64  pipe  wells, 
2  inches  in  diameter.  Blake  pumping  engine  of  1,500,000  gallons  capacity  per  24 
hours.  14-inch  cast-iron  main.  Reservoir  witk  capacity  of  1,500,000  gallons.  220 
feet  average  head.  Cost,  $150,000.  Population  about  8,000.  Sanitary  Engineer, 
January  7,  1886. 

.    A  paper  by  Felix  Target,  detailing  experiments  on  the  height,  etc.,  of  jets  from 

hydrants  of  the  Kingston  Water-Works  Jamaica.  Van  Nos.  Eng.  Mag.,  Vol.  XIX., 
p.  525. 

.    Trans,  of  the  N.  E.  Assn.,  1885.    Contains  valuable  discussions  on  weights  of 

cast-iron  pipes,  flushing  street-mains  and  house-tanks.  A  graphical  exhibit  is  given 
of  the  weights  of  pipe  used  in  over  150  cities;  also  the  weights  given  by  various 
formulas.    Albert  S.  Glover,  Sec'y,  Newton,  Mass. 

of  Liberty,  Va.    Brief  description,  with  illustrations  of  dam.    Supply  taken  from 

a  small  stream.  Natural  head.  Pipe  line,  35,000  ft.  long;  6-in.  pipe.  Cost  of  con- 
struction, $10,328  ;  cost  of  whole  system,  about  $42,000.  Population,  2,500.  Sani- 
tary Engineer,  Jan.  21,  1886. 

,  Rosario.  Two  compound  beam  engines  with  surface  condensers,  two  direct  act- 
ing bucket  and  plunger  pumps,  two  sets  deep  well  conanuous-action  pumps.  Illus- 
trated.       Engineer,  May  14,  1886. 

.    Extracts  from  the  specifications  for  the  proposed  works  at  Shreveport,  La. 

Engr.  News,  June  19,  1886. 

of  Stratford-on-Avon.    Full  detail  drawings  and  description.    Gravitation  system, 

with  reservoir.    Town  of  8,000  inhabitants.    The  Engineer,  Nov,  27, 1885. 

Watt  and  Horse-Power.  A  comparison  i.f  the  ordinary  and  electrical  units  of 
power,  with  a  plea  for  making  the  electrical  standard  universal.  Van  Nos.  Eng. 
Mag.,  December,  1885. 

Wave  Motor.  An  ingenious  device  for  compressing  air  by  the  lifting  action  of  waves 
on  a  floating  "  wave  motor,"  which  is  then  transmitted  to  shore  by  mtans  of  a  flexi. 
ble  tube.  A  pamphlet  of  15  pp.,  describing  same,  sent  by  the  inventor,  T.  Duffy, 
248  Geary  street  San  Francisco. 
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"Weir  Formulas.  A  eninpilation  of  the  plotted  curves  of  the  co-efficients  to  be  applied 
to  thf  tbeoi-ftical  to  obtain  the  actual  discharRe,  as  obtained  by  fifteen  different 
experimenters,  includinK  the  best  American  experiments.  Trans.  Inst.  Civ.  En(jrx., 
Vol.  LXXXIII..  p.  377. 

"Weirs,  Subtnergeil.  Co-efBcients  of  discharRe  found  in  larpre  rivers  in  India.  The  dia- 
charpes  were  computed  from  cross-sections,  and  slopes  found  from  liiKh-water 
marks,  and  calculated  from  Humphrey  &  Abbot's  formula  for  flood  stages,  the 
dams  then  becoming  submerged  weirs.  The  results  of  questionable  value  from  the 
uncertainties  in  computing  the  discharges.  Trans.  In.-it.  Civ.  Eiigrs.,  Vol.  LXXXV., 
V.  :!07. 

"Well-Boring'  6j/  Steam  tvith  a  Spring-pole.  By  Benj.  Smith  Lyman.  An  unpatented 
device  whereby  this  useful  attachment  may  be  utilized  when  steam  is  used.  Eng.  and 
Min.  Jour.,  Feb.  U'0, 1886. 

Wells,  Driven.  A  paper  by  J.  C.  Hoadley.beinga  theoretical  discussion  of  its  capacity 
for  water  supply.    Pi-oc.  Soc.  Arts,  Boston,  for  188'.i-3,  p.  115. 

,  Tubular,  for  Domestic  Water  Supply.    By  J.  C.  Hoadley,  C.  E.   A  paper  devoted 

chiefly  to  a  consideration  of  the  nature  and  conditions  of  flow  of  sub-surface  or 
ground  waters.  Accompanied  by  tables  of  flow  and  results  of  pumping  at  different 
wells,  with  suggestions  upon  the  sinking  of  tubular  wells.  Illustrated  by  a  number  of 
diagrams  and  sections.  Pp.32.  Supplement  to  V.  Annual  Report  State  Board  of 
Health,  etc.,  of  Massachusetts,  1884. 

"Weyroach's  Formulee.  A  discussion  by  a  number  of  engineers  of  the  formulas  for 
the  strength  of  material.     Van  Nos.  Eng.  Mag.,  Vol.  XXVII.,  p.  51.3. 

"Wind-Mills /or  Water  Supply.  By  A.  R.  Wolff.  Gives  tables  of  capacity  and  e->onomy 
of  different  sized  wheels  for  a  16-mile  wind,  when  this  power  may  be  developed  on 
the  average  8  hours  a  day.    Engr.  News,  Dec.  5,  1885. 

"Wind  Pressure,  General  Discussion  of,  upon  Spherical,  Cylindrical  and  Conical 
Surfaces.     By  P.  H.  Philbrick.     Van  Nos.  Eng.  Mag  ,  December,  1884. 

.    An  article  giving  formulae  and  tables  for  wind  pressure.     Van  Nos.  Eng.  Mag., 

Vol.  XXVI.,  p.  49. 

.    By  Wm.  Ferrel.    Gives  formulae  for  wind  pressure.     Van  Nos.  Eng.  Mag.,  Vol. 

XXVII..  p.  140. 

.    Extract  from  the  evidence  of  "Wm.  Pale,  before  the  Tay  Bridge  Commission. 

Van  Nos.  Eng.  Mag.,  Vol.  XXIII  ,  p.  16.3: 

,  An  Examination  into  the  Method  of  Determining.  By  T.  CoUingwood.  Dis- 
cusses a  number  of  the  formulae  in  common  use  and  points  out  some  of  their  errors; 
also  gives  table  of  pressures  computed  by  different  formulae  for  comparison.  Van 
Nos.  Eng.  Mag.,  Vol.  XXV.,  p.  242. 

0)1  Railway  Structures.    Report  of  the  committee  of  London  Board  of  Trade  to 

consider  the  question  of  wind  pressure  on  railway  structures.  Van  Nos.  Eng.  Mag. 
Vol.  XXV.,  p.  407. 

"Wire.  A  formula  giving  the  relation  between  the  diameter  in  inches  and  the  gauge, 
number  (American  standard)  and  the  use  of  this  formula  in  electrical  designing. 
By  Carl  Bering.    Electr.  Eng.  (N.  Y.),  April,  1886. 

"Wire  G-auges.  Table  of  all  the  principal  wire  gauges,  giving  diameters  and  cross 
sections.  By  Carl  Hering.  Very  useful  in  electrical  designing.  Electr.  Eng.  (N.Y,), 
May,  1886. 

Wire  Rope  Transport.  By  W.  T.  H.  Carrington.  Describes  three  systems  of  wire 
rope  transport,  and  refers  to  examples  in  detail.  Vati  Nos.  Eng.  Mag.,  Vol.  XXII. 
p.  177. 

"Wooden  Columns,  Fidl  Size.  Strength  of.  as  tested  by  Prof.  Lanza  on  the  Water- 
town  Arsenal  Machine,  for  the  Boston  Manufacturers'  Mutual  Fire  Insurance  Co.,  in 
1882.  Probably  the  most  extensive  and  satisfactory  set  of  tests  of  wooden  columns 
ever  made.  A  supplement  of  50  pp.  and  50  cuts,  with  details  of  tests,  appended  to 
Trans.  Soc.  Arts,  Boston,  1881-2. 

"Wood  Preservation,  as  related  to  their  destructive  fungi.  By  Prof.  P.  H.  Dudley, 
in  Pop.  Sc.  Monthly,  August,  1886. 


546  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Woods,  Amei-ican.  Modulus  of  Elasticity  as  Determined  by  Vibrations.  By  M.  C 
Ihlseng.  Gives  details  of  method  employed  and  table  of  values  of  the  modulus  of 
elasticity.    Van  Nos.  Eng.  Mag.,  Voi.  XLX.,  p.  8. 

,  Cuban.    By  Esteban  D.  Estroda.     An  investigation  of  the  strength  and  other 

properties  of  Cuban  woods  used  in  engineering  construction.     Van  Nos  Ena  Mao 
Vol.  XXIX.,  pp.  417  and  443.  ' 

,  Practical  Notes  on  the  Seasoning  of  Building.     Van   Nos.  Eng     Mao     Vol 

XXVlir.,  p.  120.  '^" 

Wrecked  Ship.  The  Raising  of  the  Lornty  in  New  York  Harbor  in  84  feet  of  water. 
An  account  on  the  methods  used.    Meek.  Engr.,  Nov.  28,  1885. 
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